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UBER ROTE FARBSTOFFE, DIE SICH VOM 
2-PHENYL-IMIDAZOLON-4(5) ABLEITEN 


THEODOR WIELAND und HANS BIENER 
Institut fiir Organische Chemie an der Johann Wolfgang Goethe-Universitat 
Frankfurt am Main 


(Received 23 May 1961) 


Zusammenfassung—Die aus Glycylbenzimid-hydrobromid (I) entstehenden roten Farbstoffe bilden 
sich iiber 2-Phenyl-imidazolon-4(5) (11), das als Benzylidenverbindung abgefangen werden kann 
Diese Farbstoffe werden unter Anwendung der Hochspannungs-Papierelektrophorese in einem 
speziellen Puffer mit anderen, in der Literatur zum Teil schon beschriebenen, verglichen. Sie sind 
nicht mit dem Ruhemannschen Glyoxalinrot verwandt 


Abstract—Aqueous solutions of glycyl-benzoyl-imide (1) become dark red on standing for several 
days or on heating. The red pigments are formed via 2-phenyl-imidazolone-4(5) (11), which can be 
trapped by reaction with benzaldehyde. Paper electrophoresis using a special buffer system enabled 
comparison with other red products described in the literature or synthetized otherwise by us. None 
of them proved to be identical with the “glyoxaline red” of Ruhemann and Stapleton. 


GLYCYLBENZIMID-HYDROBROMID (1), das von Wieland und Hennig’ durch Konden- 
sation von Azidoacetylchlorid mit Benzamid und Reduktion der Azidogruppe mit 
Bromwasserstoff/Eisessig erhalten wurde, ist ein farbloses, kristallines Salz, das bei 
lingerem Aufbewahren, durch Erhitzen auf 140° oder in wissriger Lésung eine 
interessante Umwandlung erfahrt. Es bildet sich dabei neben zahlreichen farblosen 
Zersetzungsprodukten wie Glycin, Glycinamid, Benzoesaure, Hippuramid in kleiner 
Menge ein intensiv roter Farbstoff. Er ist in Wasser, Ather, Chloroform nahezu 
unléslich, besser léslich in Essigester, Alkohol, gut in Butanol (mit dem man ihn aus 
alkalischer Lésung ausschiitteln kann) und Dimethylformamid. W ihrend die 
Léslichkeit in Saéuren nur schwach ausgepriigt ist, lésen Alkalien und Pyridin 


ausgezeichnet mit tief permanganatroter Farbe. Die Farbintensitat ist mehrfach so 


gross wie die einer Permanganatlésung gleicher K onzentration. 

Der rote Kérper fallt amorph an; es gelang nicht, ihn aus irgendeinem 
Lésungsmittel kristallin zu erhalten. Zur Analyse mussten wir uns deshalb 
chromatographischer Methoden und der Hochspannungs-Papierelektrophorese 
bedienen. 

Eine Erklarung fiir die Entstehung des Farbstoffes bot die Annahme, dass das 
Glycylbenzimid (I) unter Wasserabspaltung Ringschluss erleidet zum 2-Phenyl- 
imidazolon-4(5) (Il). Die grosse formale Ahnlichkeit dieser Verbindung mit Indoxyl 
legt die Vermutung nahe, dass auch hier leicht Oxydation eintreten kénne unter 
Bildung der indigoiden Verbindung (III), die 1900 von Ruhemann und Stapleton* aus 


1 Th. Wieland und H. J. Hennig, Chem. Ber. 93, 1236 (1960). 
2 §. Ruhemann und H. E. Stapleton, J. Chem. Soc. 77, 804 (1900). 
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Acetylendicarbonsaure-bzw. Chlorfumarsdure-diathylester und Benzamidin herge- 


stellt und “glyoxaline red” genannt wurde. 


H,.N—CH, N CH, N Cc Cc N 
Ox | 
co > 2C.H.—C co - > CH.—C co Oc C—C,H, 


Charakteristisch fiir das “Glyoxalinrot”’ ist die sehr leicht durch Kochen mit Eisessig 
erfolgende Umwandlung in cine gelbe, gut kristallisierende Substanz, die unter 
Aufnahme von einem Mol Wasser entstanden ist und nach Ruhemann und Stapleton 
die Konstitution (1V) besitzt 
haltigem Phosphorsdure-tris-dimethylamid beim Erwiarmen vor sich geht 


* 


Wir fanden, dass die Umwandlung auch in wasser- 


Cc N 
OH HO 


Das hier zur Erklirung der Farbstoffbildung postulierte farblose 2-Phenyl- 
imidazolon-4(5) (11) wurde 1953 von Kjaer® aus Benziminoathylester und Glycinathyl- 
ester. nach einer Methode, die schon 1907 von H. Finger angegeben worden war, 
hergestellt 

NH H.C.OCO 
CH 


OC,H, H,N 


Finger hatte es. allerdings nicht in reiner Form, in Handen und beobachtete eine tiefe 
Rotfarbung seiner Lésung in Eisessig. Er nahm an, dass aus dem Imidazolon das 
Ruhemannsche Glvyoxalinrot (111) entstanden war und wollte die Identitaét der 
Farbstoffe beweisen.* Die angekiindigte Arbeit ist nicht erschienen; dafiir berichtete 
Kiaer®, dass beim Durchleiten von Luft durch eine Lésung des 2-Phenyl-imidazolons 
in Eisessig das Glyoxalinrot entstiinde 

Bei einem Vergleich des Ruhemannschen Farbstoffes mit dem von uns aus 
Glycylbenzimid-hydrobromid et haltenen stellten wir fest, dass es sich um verschiedene 
Stoffe handelt, wenn sie auch in den Farbstoffeigenschaften, der Alkaliléslichkeit, der 
Empfindlichkeit gegen naszierenden Wasserstoff iibereinstimmen. So erfahrt nur das 
Glyoxalinrot beim Kochen in Eisessig oder Phosphorsdure-tris-dimethylamid eine 
Umwandlung; es ist in iedem nicht-basischen Lésungsmittel schwerléslich und 
wandert bei der Papierelektrophorese erst bei p 12. und zwar zur Anode. Der aus 
Glycylbenzimid entstehende Farbstoff dagegen bleibt in alkalischem und neutralem 


d rozentualen Zusammensetzung ableiten, ist aber nicht durch irgendwelche 
Reaktionen gesichert 
A. Kiaer. Acta Chem. Scand. 7, 1030 (1953) 

* H. Finger, J. Prakt. Chem. 76, 94 (1907) 
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Uber rote Farbstoffe, die sich vom 2-Phenyl-imidazolon-4(5) ableiten 


Medium liegen, wahrend er von p,,4 ab, mit steigender H -lonenkonzentration immer 
besser, unter Aufspaltung in mehrere rote Banden zur Kathode wandert. Es handelt 
sich also um ein Gemisch missig basischer roter Stoffe. Ihre Anzahl hangt von den 
Darstellungsbedingungen ab. Aucheinam Start zuriickbleibender gelbroter Riickstand 
enthalt kein Glyoxalinrot, was sich durch Betupfen mit konz. Ammoniak zeigen 
lasst: Die Farbe bleibt unverandert, wahrend das Papier sonst an Stellen, die den 
Ruhemannschen Farbstoff in kleinster Konzentration enthalten, violett wird. 

Eine rasche Feststellung des giinstigsten p,,-Bereichs fir die pherographische 
Untersuchung gelang mit Hilfe des Lindsay Johnsonschen Universalpuffers,? der 
durch allmahliche Zugabe von Natronlauge zu einer Stammlésung von Zitronensadure, 
Borsaure, primarem Kaliumphosphat und Veronal in Wasser eine sukzessive Erhéhung 
des p,,-Wertes von 2,6 bis 12 gestattet, die in Tabellen normiert ist. 

Schwierigkeiten veru! die Schwerlgslichkeit der aus Glycylbenzimid 
gewonnen roten Stofle in den iiblichen sauren, stark wasserhaltigen Puffern. Eine 
betriedigende Lésung bot die Verwendung zweier Puffersysteme, die auch die 
pherographische Untersuchung anderer schwerl6 licher Stoffe, soweit sie mit Protonen 
reagieren, erméglichen dirften: Ameiset 
20: 13:40:40 (py 1,8) und A meisensdure-Wasser-Dimethylformamid 9:15:16 (py1,9). 
Der Gehalt von rund 40°, Dimethylformamid setzt die Aziditat geniigend herab und 

rugieich die Léslichkeit so weit, dass eine einwandfreie Trennung méglich wird. 

Wir haben mit Hilfe dieser Technik das aus dem 2-Phenylimidazolon-4(5) nach 
Finger und Kjaer’ entstehende rote Produkt pherographisch untersucht. Dabet 
fanden wir, dass es sich um eine ganze Reihe rotet Substanzen handelt, die sich durch 
ihre Wanderungsgeschwindigkeit zur Kathode hin unterscheiden. Dagegen liess sich, 
entgegen den Angaben Kjaers, kein Ruhemannsches Glyoxalinrot nachweisen. Die 
Vermutung, dass wenigstens einige der roten Stoffe aus dem Phenylimidazolon (11) 
mit den aus Glycylbenzimid entstehenden identisch sind, bestitigte sich: Je zwei 
wiesen im Papierchromatogramm (I Ssungsmittel sek Butanol/Ameisensdure/Wasser 
15:3:2) praktisch gleiche R,-Werte auf, und die U.V.-Spektren der mit Dimethy]l- 
formamid eluierten Banden waren identisch. Damit war schon der Beweis erbracht, 
dass die Bildung der roten Farbstoffe aus Glycylbenzimid tiber das 2-Phenyl- 
imidazolon-4(5) verlauft. Trotzdem wurde sein direkter Nachweis versucht. 

Bei seiner Unbestindigkeit war eine Isolierung unter den Bedingungen der 
Farbstoffbildung nicht méglich. Wir versuchten deshalb, das Imidazolon abzufangen, 
bevor es zu den roten Produkten weiterreagiert. Das gelang mit Benzaldehyd: Beim 
Erwarmen einer wissrigen Lésung von Glycylbenzimid-hydrobromid mit dem Aldehyd 
tritt nur eine schwache Rotfarbung auf; dafiir fallt eine gelbe Verbindung aus, die 
durch Mischschmelzpunkt, I.R.-Spektrum unc ihre charakteristische Fluoreszenz in 
alkoholischer Natronlauge als 2-Phenyl-4(5)-benzyliden-imidazolon-5(4) (V) identi- 
fiziert wurde. Diese Verbindung war von Erlenmeyer” aus dem Amid der Benzoyl- 
aminozimtsdure, von Ekeley und Ronzio’ aus Benzamidin, Glyoxal und Benzaldehyd* 


?-Phen 


* Ekelcy und Ronzio hielter 
wiesen jedoch durch Hyd 
Substanz handelt." W I 


nach ss es sich um 


sleich der I.R.-Spektren bestdtigen konnen 


J ndsay ina 490 (1939) 
yer, jer. Dtsch. Chem. Ge 33, 2036 (1900) 
y und A. R. Ronzio, J. Amer. Chem. S 57, 1353 (1935) 

Williams. F. L. Symonds, J. B. Ekeley und A. R. Ronzio, J. Amer. Chem. So 67, 1157 (1945) 
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die Substanz fiir das isomere MiMlenyl-4-benzoyl-imidazol. Williams et a/ : 
der ¢ C-Doppelbindu ee oben angegebene 
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und von Kjaer® direkt aus dem 2-Phenyl-imidazolon-4(5) mit Benzaldehyd erhalten 
worden 
C--CHC,H 
co 
N 
H 


Wenn das Imidazolon (Il) Zwischenprodukt der Farbstoffbildung ist, so sollten 
alle Reaktionen. die I] ergeben. auch zur Bildung der basischen roten Farbstofle 
fiihren. Deshalb wurde die intramolekulare Kondensation des Hippursdiureamids 
das entstehende Produkt (VI) wire mit dem Imidazolon II tautomer- und der Aufbau 
des Fiinfrings aus Benzamidin und ¢ hloracetylchlorid versucht 

O H.N—CO N co 


2HC! 
C.H,—C CH ‘ CH, « C 


Beim Hippuramid, das sich Glycylbenzimid formal nur durch die Vertauschung 
der Methvlen- und Carbonyig e unterscheidet, muss die Mesomeriestabilisicrung 
der Sdureamide einen Ringschlu rschweren. Die Kondensation wurde, als Modell 
einer Polypeptidanhydrisicrung, von Karret nd Griinacher versucht.’ Das 
Phenvlimidazolon, das sic als weiss¢ hr | lig bstanz beschreiben, und aus 


dem Mivamichi mit Glycerin und Bariumhydroxyd ~ teindhnlich Produkte 


erhielt."” wurde jedoch von 1g Hippursdurenitril annt, das mit dem 


Phenyvlimidazolon die Sumn formel gemeinsam hat 

Nach rhitz Oo ippuramid n Polyphosphorsdure gelang es uns, 
pherographisch dic Bildung re Farbstofl achzuweisen. Im Gegensatz zum 
Glycyl } ud-hydrobromid sind ih nicht durch thermische Zersetzung 
erhdltlich, da dabei Verkohlung cintritt 1 recht guter Ausbeute konnten wir sie abet 
aus Hippuramid durch Erhitzen aul 170° nach Zusatz basischer Stoffe wie Kalium- 
carbonat oder Natrium: at gewinnen. Die Farbstoffbildung aus Glycylbenzimid (1) 
wird durch Natriumace ; leichtert und gelinet dann schon bei 60 

Die Reaktion von Cl acetvichlorid mit Benzamidin fiihrt ebenfalls zu 
betrichtlichen Mengen des Farbstofiget es, n auch schon beim Erhitzen 
von Benzamidin-monochioracetat | smacetat kleine Mengen gebildet werden 

In diesem Zusammenhang t ci tersuchung von Ekeley und Ronzio™ 
liber rote Kondens: sprodukt amidin und Glyoxal bemerkesnwert. Die 


Autoren erhielten di: themannsche Glvoxalinrot aus einer Benzamidin-Glyoxal- 


Additionsverbindung durcl rhitz alkoholischer Natriumathylatlésung. thi 


Farbstoff wird iedoch beim Kochen in Eisessig nicht gelb, sondern braunrot, und das 
Hydratationsprodukt farbt sich bet Zugabe von Alkalien, im Gegensatz Zu dem nach 
Ruhemann und Stapicton hergestellten. sofort rot. In wiissrig-alkalischer Lésung 
*P. Karrer und Ae Chin 7 

Miy j j sO. 1100 (19™ 
A. Kia 

J. B. Ek 


N N NH,Cl 
vi 


Uber rote Farbstoffe, die sich vom 2-Phenyl-imidazolon-45) ableiten 5 


dagegen bildet sich aus Benzamidin und Glyoxal kein Glyoxalinrot, sondern eine 
ganze Reihe anderer roter Stoffe, von denen mindestens zwei mit von uns untersuchten 
identisch scheinen. Das Imidazolon (II) lasst sich auch hier durch Abfangen mit 
Benzaldehyd (s. Fussnote S. 2) nachweisen 

Wir haben das abweichende Verhalten des nach Ekeley und Ronzio hergestellten 
Hydratationsproduktes (IV) durch pherographische Untersuchung aufklaren kénnen. 
Neben dem Glyoxalinrot entstehen dort immer in kleiner Menge zwei rote 
Farbstoffe, die sich bei der Elektrophorese und im Chromatogramm wie die von uns 
hergestellten basischen verhalten. Sie werden durch die Behandlung mit Eisessig nicht 
verindert und fiarben die gelbe Verbindung IV braunrot an. Im Alkalischen erzeugen 
sie sofort die von den Autoren beschriebene tiefrote Farbe. 

Bei keiner der von uns gefundenen Bildungsweisen roter Produkte liess sich 
Glyoxalinrot nachweisen; die urspriinglich vermutete oxydative Dimerisierung des 
2-Phenyl-imidazolons-4(5) haben wir in keinem Fall feststellen k6nnen Es ist deshalb 
auch nicht anzunehmen, dass das nach Ekeley und Ronzio aus Benzamidin und 
Glyoxal in absolut-alkoholischer Lésung erhiltliche Glyoxalinrot durch Oxydation 
des Imidazolons (II) entsteht. Vielleicht wird es nach einem von den beiden Autoren 
vorgeschlagenen Mechanismus™ aus Benzamidin und der nicht isolierten Oxalglykol- 
sdure gebildet 


HO—C C—OH 2 Benzamidin 
Glyoxal > » Glyoxalinrot (ill) 
HOCO OCOH 


Die vorliegende Untersuchung zeigt, welche zentrale Stellung dem 2-Phenyl- 
imidazolon-4(5) (11) bei den auf so verschiedenen Wegen gewonnen roten Farbstoffen 
zukommt. Wir wissen allerdings noch nicht, wie diese farblose Verbindung zu den 
roten Produkten weiterreagiert. Das allgemeine Verhalten der Farbstoffe lasst auf 
gleiche Funktionen bei unterschiedlicher Molekulgrésse schliessen, was am leichtesten 
durch eine mehrfache Kondensation desselben Bausteins erklart werden kann. Der 
Benzolring muss dé 
Methyl- und Benzylimidazolone sind stabile Verbindungen, die keine Farbstoffe 


ibei eine entscheidende Rolle spielen, denn die e1 tsprechenden 


liefern 
Eine Sonderstellung nimmt ein nur in wiassriger Lésung aus Glycylbenzimid- 
hvdrobromid (1) entstehender, mehr violettroter, ebenfalls basischer Farbstoff ein, 


der bei keinem der anderen Verfahren auftritt. Durch Zugabe von Pyrrolidon wird 


seine Bildung sehr beschleunigt, und er erscheint dabei in Form mikroskopischer 


Kristalle mit griinem Oberflachenglanz. die kaum noch durch die anderen Farbstofle 


verunreinigt sind 


NG DI 


BESCHREIBI 


Darstellung « 


dus Glycylbenzimid in wa er Lésun Eine Lésung von 2 g des Hydrobro is in 50 ml Wasser 
wird von etwa ungelésten Flocken abfiltriert und 15 Minuten auf dem Wasserbad erwarmt. Sie 
farbt sich dabei rot. Man lisst noch zwei Tage bei Raumtemperatur stehe sammelt den schwarz 
roten, flockigen Niederschlag auf cinem kleinen | 1 wascht ihn mit Wasser, wenig Methanol 
und schliesslich mit Ather. Dann wird er in méglichst wenig Dimethylformamid gelést und mit 


Petrolather wieder ausgef allt Ausbeute: 30 mg 
{us Glycylbenzimid durch Erhitzen mit Natriumacetat ] des Hydrobromids wird mit der 2,” 


fachen Menge wasserfreiem Natriumacetat fein verrieben und in einem Verbrennungsrohr kurze 


| 
| 
25° 
2 
44 | 
| 
roten Farbstoffgemisches 
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Sie wird noch heiss in méglichst 
us. Man zen- 


Eine 


Ogtich 


Zeit auf 150° erhitzt. Die Masse farbt sich unter Schmelzen tiefrot 
trif t den Niedersc t mit Wasser, Alkohol und digeriert mit Athe m7 ‘ae aS 
weitere R ist durch Lésc verdiinnter Natr und Ausfillen mit Séuren 
| i Das \ re t dasselb vic Giycyibder nid-hydrobr ud, doch 
des N et Die Ausbeu st etwas 
‘ \us | Benzamidin kénnen 
‘ rd in 10 ml Wasser 
erten P Gef. $0; N 11,17; C,,H,.ON, C77 H 4,87; N 11,28°,) 
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DIE REAKTION VON 2.6-DIMETHYLNAPHTHALIN 
MIT DIAZOESSIGESTER 


ROLF HUISGEN und GOTTFRIED JupPE! 


Institut fir Organische Chemie der Universitat Miinchen 


(Received 16 March 1961) 


Zusammenfassung—Die Thermolyse des Diazoessigesters in 6 Molaquival. 2.6-Dimethylnaphthalin 
“ ergibt 58°, d.Th. Carbathoxycarben-Monoaddukt, das 74°, des 2.6-Dimethyl-la.7b-dihydro-1H- 
(VI), 15°, der isomeren 1b.5-Dimethylverbin- 
dung VIII und 9% 2.7-Dimethyl-5H-benz cycloheptencarbonsdure-(6)-athylester (X) enthalt; 
daneben treten 11°, Diaddukt XXIV auf. Die Produkte werden, vornehmlich durch Oxydation und 
Hydrierung, konstitutionell geklart und spektral charakterisiert. Die partiellen Geschwindigkeits- 
konstanten der Carbathoxycarben- Anlagerung, bezogen auf die 1.2-Bindung des Napthalins 1.0, 


betragen fiir die 1.2- und 3.4-Bindung des 2.6-Dimethylnaphthalins 1.4 bzw. 4.2 


Abstract—-Thermal decomposition of ethyl diazoacetate in 6 molar equivalents of 2.6-dimethyl- 


naphthalene yielded 58 per cent of carbethoxycarbene monoadducts which comprise 74 per cent ethyl 


2.6-dimethyl-1a.7b-dihydro-1 H-cyclopropa{a]naphthalene-(1)-carboxylate (VI), 15 per cent of the 


isomeric 1b.5-dimethyl compound VIII and 9 per cent of ethyl 2.7-dimethyl-5H-benzocyclohepten- 


(6)-carboxylate (X). The higher boiling fraction of the product contained 11 per cent of diadduct 


XXIV These compounds were structurally elucidated, especially by oxidation and hydrogenation, 


and were characterised by U.V. and I.R. spectra. The partial rate factors of carbethoxycarbene 


addition, with reference to the 1.2-bond of naphthalene taken as 1.0, were 1.4 for the 1.2-bond and 


4.2 for the 3.4-bond of 2.6-dimethylnaphthalene 


Bei der Anlagerung des Methylens oder Carbathoxymethylens an geometrisch-isomere 
Alkene bleibt deren konfigurative Beziehung erhalten.* Diese cis-Addition der 
Carbene ist mit einem Dreizentren-Mechanismus plausibel zu deuten. Auch iiber den 
Einfluss von Substituenten auf die Reaktivitét der olefinischen Doppelbindung 


gegeniiber Carbenen ist einiges bekannt.® 
Von der Umsetzung der Carbene mit der aromatischen CC-Bindung weiss man 


viel weniger, obwohl die klassische Untersuchung der Reaktion des Benzols mit 


Diazoessigester bereits 75 Jahre zuriickliegt.* Die Vielzahl der Produkte bereitet 


schon bei der Klarung der Reaktionen des Diazoessigesters mit monosubstituierten 


Benzolen grosse Schwierigkeiten. Dabei vermag sich die Primadraddition des Carbath- 


oxycarbens an 3 verschiedenen CC-Bindungen zu vollziehen;® der Ubergang in 


doppelbindungsisomere substituierte Cycloheptatriene sowie der Angriff des Carbens 
auf Alkylseitenketten bedeuten zusatzliche Komplikationen. Uber den bevorzugten 
Angriffsort des Carbathoxycarbens auf polycyclische Aromaten liegen Informationen 


vor.® 


? Aus der Dissertation G. Juppe, Universitat Miinchen (1958) 

* P. S. Skell und R. C. Woodworth, J. Amer. Chem. Soc. 78, 4496 (1956); W. v. E. Doering und P 
La Flamme, /bid. 78, 5447 (1956); W. v. E. Doering und T. Mole, Tetrahedron 10, 65 (1960) 

* P. S. Skell und A. Y. Garner, J. Amer. Chem. Soc. 78, 5430 (1956); W. v. E. Doering und W. A. Hender- 
son, /bid. 80, 5274 (1958); P. S. Skell und R. M. Etter, Chem. & Ind. 624 (1958) 

* E. Buchner und Th. Curtius, Ber. Dtsch. Chem. Ges. 18, 2379 (1885): E. Buchner, Jbid. 30, 632 (1897). 
* K. Alder, R. Muders, W. Krane und P. Wirtz, Liebigs Ann. 627, 59 (1959) 

®° N. L. Drake und T. R. Sweeney, J. Org. Chem. 11, 67 (1946); G. M. Badger, J. W. Cook und A. R. M 
Gibb, J. Chem. Soc. 3456 (1951); M. J. S. Dewar und C. R. Ganellin, J. Chem. Soc. 3139 (1959) 
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Der Einfluss von Substituenten auf die Reaktionsbereitschaft der CC-Bindung des 
Benzols gegeniiber Carbiathoxycarben wurde noch nicht untersucht. Die hier allein 


mdgliche Konkurrenzmethode scheitert an den analytischen Schwierigkeiten. Das 
Naphthalinsystem bietet fiir die Untersuchung des Substituenteneinflusses Vorteile. 


Buchner und Hediger’? formulierten das Hauptprodukt aus Naphthalin und 
Diazoessigester als 2.3-Benzo-norcaradien-(2 4)-carbonsdure-(7)-dithylester (1). Huisgen 
und Juppe* bestdtigten die Konstitution mit neuen chemischen und spektralen 
Befunden. Eine Isomerisierung zum 


(111) findet erst bei 260° statt. Bei der Thermolyse des Diazoessigesters in 5 Mol- 


Naphthalin wurden 52° d.Th. I und 14-17° d.Th 


| und V machen nahezu 95°, des hochvakuumflichtigen 


iquival 7zweier diastereomerer 


Diaddukte V erhalten:* 
Produkts aus 


Da die Reaktivitat des Naphthalins auf die | ?-Bindung beschrankt ist, lassen 


eine Reihe disubstituierter Naphthaline, z.B 


A 


nur jeweils 2 1somere Car xvearben-Addukte erwarten. Die Analyse solcher 
lsomereng ische erlau I ulare Konkurrenz substituierter und 


} hlenmiissig zu erfassen. Der intermolekulare Kon- 


unsubstituierter Bindung¢ 
kurrenzversuch mit Napthalin sollte dann die Ermittlung partieller Geschwindigkeits- 
konstanten der aromatischen Bindungen ermégliechen. Hier sei die Umsetzung des 
Diazoessigesters mit 2.6-Dimethylnaphthalin beschrieben 

Bei der Thermolyse in 6 Molaquival. des Kohlenwasserstoffs bei 140 145° gelangten 
dessen Gehalt an den 3 Komponenten 


wir zu 58°/ d.Th. an destilliertem Rohester, 
74, 15 und 9° betrug; 98%, des 


VI, und X laut quantitativer IR-Analyse 
Eine Umsetzung der Methylgruppen des 2.6-Dimethyl- 


Rohesters sind somit erfasst 
lrotz des Kohlen- 


naphthalins mit ¢ arbithoxvcarben'® haben wir nicht beobachtet 
wasserstoffiiberschusses trat das Carbéathoxycarben erneut mit der olefinischen 


Doppelbindung von VI und VIII in Reaktion: 11°. d.Th. Diaddukt XXIV fielen als 


Rohdestillat an 
7 E. Buchner und St CC t ‘ h. Chem. Ges. 36, 3502 (1903) 


*R. Huisgen und G ur im Druck 
*» Nomenklatur fl folgen « t n des Ring Inc ?.Aufl., Amer. Chem. Soc. (1960) 


E. Buchner u el 377, 259 (1910) isolierten etwas p-Methyl-hydrozimtséure aus 
p-Xvylol und Diazoess ter. L. lL. Smith und P. O. Tawney, J. Amer, Chem. Soc. 56, 2167 (1934), erhielten 


30 Trimethy!-hydrozimtsdure aus Durol und Diazoessigester 


4 
: R bd 
‘ 
CO.C.H, 
R=C.H R=C.H Vv 
A a 
A 
| A A 
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CO.R CO.R 


CH, 


VI R = CH, Vill R=C.H XR =C.H, 
VIR =H IX R=H XIR =H 


Aus dem destillierten Ester schied sich bei langerem Stehen das kristalline Haupt- 
produkt VI ab. Die U.V.-Spektren von VI und VII entsprechen wie die von I und der 
zugehérigen Carbonsiure If dem 1.2-Dihydronaphthalin-Typ; fiir eine charakteri- 
stische bathochrome Verschiebung der Bandenmaxima dirfte die schwache K onjuga- 
tionsbeziehung des Cyclopropanringes mit dem aromatischen Kern verantwortlich 
sein’. Im Gegensatz zu II® nahm VII keinen katalytisch erregten Wasserstoff auf. 
Jedoch wiesen der Verbrauch von | Aquival Perbenzoesiure nebst Isolierung des 
Epoxyds XII aus VI auf eine olefinische Doppelbindung hin. Das Dibromid von VII 
verlor schon gegen 100° Bromwasserstoff unter Bildung von XIII. 


x] 


Die Oxydation erhellte die Stellung der Methylgruppen in VII. Mit Kaliumper- 
manganat in siedendem Aceton erhielten wir 49°, der Ketol-carbonséure C,4H,4O, 
(XIV) und 15° der Ketodicarbonsiure XV, die beide Carbonylderivate liefern. Die 
Ozonisation von VII in Essigester ergab gar 79° der Ketodicarbonsdure C,,H,,O; 
(XV). Dass in XV ein Methylketon vorliegt, daran liess die Jodoformreaktion keinen 
Zweifel: die Tricarbonsiure XVI liess sich dabei zu 82°, isolieren. Die Einwirkung 
von Natriumhypochlorit auf XV fiihrte zu einer Chlortricarbonséure C,;H,,;ClO, 
(XVII). Das Chlor befindet sich in aliphatischer Bindung; vermutlich geht die 
Chlorierung am Cyclopropanring der Chloralspaltung zum Carboxylat voraus. 


CO,H 


XVI 
XV 


Diese Befunde sind nur mit der Formulierung des Hauptprodukts als 2.6-Di- 
methyl-1a.7b-dihydro-1 (VI)° 
vereinbar. In siedendem Acetanhydrid in Gegenwart von Schwefelsaéure isomerisiert 
sich die Carbonsdure VII zur noch nicht beschriebenen 2.6-Dimethyl-naphthyl-(4)- 
essigsiure (XVIII) in 85% Ausbeute. Aus der Analogie mit der Bildung von «-Naph- 
thylessigsaure aus II* unter gleichen Bedingungen sowie aus der spektralen Ahnlichkeit 
mit 2.6-Dimethylnaphthalin (Fig. 1) erschliessen wir die Konstitution von XVIII. 


| 
H 

CH 
: 

7 

CO.H 3 
R =Cl 
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(XVIIL), 2.6-Dimethyl- 


96-proz. 


Die Isol mW 1 Saur ius den ester V niihsam und verlustreich. Im 
Einklang n rtung vi y Sic ilkal yse des Athylesters VIII langsamer als 
die von VI m : ssa e fraktionierte rs ing irde <« ruletzt freigesetzte Sdureanteil 
als Kaliun z getalit; aktioniert ristallisation der Carbonsdure aus Methanol erlaubte die 


Reindarstellur 


xX Br 


Im Gegensatz zu VII nahm IX 1 Mol Wasserstoff in Gegenwart von Platin auf 
unter Bildung von XIX. Das Dibromid XX enthilt kein Brom am tert. Kohlenstoff 
und ist daher stabiler als das sich von VII ableitende Derivat. Die Behandlung der 
Sadure [IX mit Ozon und anschliessend mit Wasserstoffperoxyd lieferte eine Tricarbon- 
siiure (XXI) ohne Kohlenstoffverlust; die oxydativ gesprengte Doppelbindung muss 
also disekundar sein. Auch bei IX liste Acetanhydrid/Schwefelsiure eine Aromati- 
sierung aus, die zu 2.4-Dimethyl-naphthyl-(1)-essigsiure (XXII) (Fig. 1) fubrte. 


4 
~ 3 
cm 
/ \ : 
: 
4-0} 
~ 
4 
a 
/ 
| 
\ 
\ 
\ 
\ 
> \ 
\ 
\ 
\ 
\ 
: 
\ 
a 
" 
4 £4 
Fic. 1. U.V.-Absorption von 2.6-D iphthyl-(4 
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Diese wurde mit einem synthetischen Praparat, das aus 2.6-Dimethylnaphthalin iiber 
das 1-Chlormethyl-Derivat (allerdings nicht ganz rein) erhalten wurde, identifiziert. 
Alle diese Umsetzungen stiitzen die Konstitution VIII fiir das zweite Reaktions- 
produkt. 

Auch die infraroten Carbonylschwingungen der Carbonséure VII und IX bieten 
einen indirekten Beweis fiir das Benzo-norcaradien-Skelett. Mit 1676 bzw. 1678/cm 
liegt ihre Schwingungsza en denen konjugierter und nichtkonjugierter 
Carbonsduren; eben das ist von Cyclopropan-carbonsiuren bekannt 

Die Geschwindigkeit der Epoxydation der Olefine nimmt mit der Zahl der Al 
gruppen an der Doppelbindung zu." Die Verfols les zeitlichen Ablaufs 
Reaktion mit Perbenzoesdure bestatigt .onstitutionen id IX 
Standardbedingungen or! ) fanden wir nach 5 Stdn lcenden Umsatz in 
Mol VII 44%, IX 2 methylfreie Grundk6rper If hatte unter gleichen 


Bedingungen erst zu 17 


end VI sich als be ti; rwi er] der Athylester VIII bei dieser 


lemperatur in gutet sbeu ine lagerung zun oheptatrien-Abkémmling X. 
ie infrarote CO-Bande der Saure XI bei 1675/cm zeigt eine konjugierte Carboxyl- 
gruppe an. Die katalytische Hydrierung der 2.7-Dimethyl-SH-benzocyclohepten- 
carbonsdure-(6) (XI) ergab e letrahydroderivat XXIII unter Verschiebung der 
Lichtabsorption nach kurzen 7 ig. . it 1686/cm lag die Carbonylbande 
von XXIII im Bereich des nichtkonjugierten Carboxyls. Die Lage der Doppelbin- 
dungen wurde in X wie bei dem konstitutionell gesicherten methylfreien Ester III," 


~ 


der aus dem Grundk6rper I bei 250° hervorging, angenommen. Die U.V.- \bsorption 


der Carbonsduren stiitzt diese klare Analogie 


Der ringerweiterte Ester X ist identisch mit dem dritten Produkt aus Diazoessig- 
ester und 2.6-Dimethylnaphthalin (S. p. 8). Wir halten es fiir méglich, dass X dort 


1 als Sekundarprodukt auftritt und aus der thermischen 


nicht als Primiar-, sondert 
Isomerisierung von VIII bei der Aufarbeitufg hervorgeht. Mit dieser Annahme andert 
sich die Bilanz; die Primarprodukte VI und VIII entstehen nun im Verhaltnis 3:1. 
Warum ubrigens der isomere Ester VI die Ringerweiterung nicht, zumindest noch 
nicht bei 250°, eingeht, vermégen wir nicht zu sagen 

Die schon S. p. 8 erwahnte, héhersiedende Fraktion aus Diazoessigester und 2.6- 
Jimethylnaphthalin enthalt das Diaddukt XXIV. Aus dem entsprechenden Naph- 
thalin-diaddukt V isolierten wir 2 Carbonsduren, die wir als cis-trans-lsomere beziiglich 
der Angliederung der beiden Cyclopropanringe ansprechen.* Vermutlich handelt es 
1 Vel. R. J. Mohrbacher und N. H. Cromwell, J. Amer. Chem. Soc. 79, 401 (1957) 
2 H. Meerwein, A. Ogait, W. Prang and A. Serini, J. Prakt. Chem. [2], 113, 9 (1926); J. Béeseken und 


J. Stuurman. Rec. Tra Chim. Pays-Bas 56, 1034 (1937). Ubersicht bei D. Swern, Chem. Rev. 45, 1, 48 
(1949) 
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sich bei der Dicarbonsdéure XXV, die aus der alkalischen Hydrolyse von XXIV 
hervorging, um die frans-Verbindung. Die Resistenz von XXV gegeniiber Permanga- 
nat und Brom zeigt die Abwesenheit von Doppelbindungen. Die durchgreifende 
Ozonisation lieferte 1-Methyl-bicyclopropyl-tetracarbonsdure-(2.3.2’.3’) (XXVI). 
Soweit man aus den Ausbeuten an den Estern VI und VIII (43° und 14%, bezogen 


auf Diazoessigester) schliessen darf, greift das Carbithoxycarben die 1.2- und die 
3.4-Bindung des 2.6-Dimethylnaphthalins im Verhaltnis 1:3.1 an. Ein Konkurrenz- 
versuch von Diazoessigester mit einem 4quimolaren Gemisch von Naphthalin und 


2.6-Dimethylnaphthalin ergab als vorliufiges Resultat eine um den Faktor 2.8 


bevorzugte Anlagerung des Carbithoxycarbens an 2.6-Dimethylnaphthalin. Die 


intra~ und intermolekulare Konkurrenz erlaubt die Berechnung von partiellen 


Geschwindigk eitskonstanten, bezogen auf eine Naphthalin-1.2-Bindung 1.0 


1.2-Bindung des 2.6-Din ethylnaphthalins A 


3.4-Bindung des ? 6-Dimethylnaphthalins k 4-2 


Die Methylgruppen fiihren dem Naphthalinkern Elektronen zu und erhéhen damit 


die Reaktivitét gegeniiber Carbaithoxymet! yien Diese Steigerung ist aber bei det 


unsubstituierten Bindung des 2.6-Dimethylnaphthalins merklich stirker als bei der 


methylierten. Eine sterische Beeintrichtigune der Addition bietet eine plausible 


Erkléarung. Eine solche Behinderung wurde auch von K. Alder® bei der Analvse 


der aus Toluol und den Xylolen erhaltenen Produkte konstatiert 


XPERIMEN 


sure 


hellgelbes 


d Riick- 


titration mit fat 0 \ ef che Doppelbind Be hre m Kihl 
schrank krist Nac Anreibe nit Pet er (30-40°) und 
meh Ku Th 60 be« Durch Wied ng der Tieftemperaturkristal- 
lisation mit des M Ic R este! A abscheid Nach mehr- 


dihydro-|H- 


lsolieruw che | la.7b-d l\H-cyclo ijnaphthe carbonsdure(1) (1X) 
12:3 ¢@ Fraktion A ch Abt en \ VI len mit 0-70 M il. KOH siedendem Metha- 
nol verseift und nach Abzi ‘ Metha t W er Methylenchiorid aufgearbeitet. Die aus 
der ren Phase sewonnene Rohsdure enthielt VII angereichert. Der restliche Ester 
(3-6 g) wurde mit Uberschuss KOH in Methanol verseift und ergab 2-9 ¢ Carbonsiure mit Schmp 


135-138 Diese wurde 1S cm® starker Kaliumcarbonatlésung heiss gelést: beim Erkalten schieden 


‘ 
; 
> OT EI 
2.6- Dimethylnaphth ind Diazoe reste 
2.6- Dimn Ges. fir Teerve ‘ Duisburg- Meiderict wurde weimal aus 
Methans Entfer Mc ul Schwertkolben bet 
120-125 14 Tk kK fis (3-08 Mi ‘ er ter Stickstoff im 
Olba 140-14 { Ruhre D ) iure-at ester (0-52 Mol) 
innerhalb 10 Sid Nach ¢ weiteren Stde. war dic Freise les Stick smit 0-51 
Mol beendet. Das ert Reak n vit M und 
saugtc Erk 2 ib. We cA e des Kohlen- 
wasser Nac I lic es Solver lestillierten 
wir de oF R tic enk \ Vor ius 4 
lidith 2.6-D bx en bei 104-127 0-004 Tx 30: 
rfral ) 0 0-004 1 en gelben Ols (/ n B) 
Die Fraktion A te | B ? mMol-Prot mit B i FY 
fachem | osen aus Pe ather schmoizen die farblosen Nadeln des 2.6-Dimethy/-1a.7b-Eiiiii--zz 
cyvclopr ht jure-(1)-a VI) bei 73-74 
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alzes ab. Die daraus fre te Saure wurde 


sich 1-45 2 feinkristallinen, schwer filtrierbaren K: 


haufig aus Methanol sslich0-34 farblo Spiesse der 
ete 


Sadure IX mit Sc np O~171 
starke IR-B: 1 

(C,,H,,O 


den 21 ¢ Vil 


Carbon 
crandert 


Probe von VII 
Vi. Der Ester 


weitere 


mit All 
erwics 


Bander 


(1) (X11). 0-50 ¢ VII 
wurde! lickstand 

IS 
vende HBr-Abspaltung 


Aus Cyclohexan/Essig- 


nach | 
Cyclohex 
Nach mehr 
este! 
Gel ( 53: H, 4-64.) 
2 limet 
(XID). 20¢ VI wur mit 110 Mol®< Perbenzoesdure in 20 cn iloroform 6 Tage bei 12° auf- 


bewahrt. Nach Auszich ler Ben mit Sodalésung und tfernuns Chiloroforms kri- 


stallisierte der Riickstand au t Petrolather. Mehrfa +s Um n aus dem gleichen Mittel sowie 
aus Cyclohexan ergab farbl. Stibchen mit Schmp 112 
(C,,H,.O, (258°3) Bet 399: H, 7-02. Get C, 74°50: H, 7-10.) 
Verfolgung der Epoxydation wurde eine Lésung von 1-27 mMol 


Zur quant tativen, zeitlichen 
Sofort nach 


Perbenzoesdure in 17 cm® frisch gereinigtem Chloroform bereitet (0-075 mMol/ccm) 


F 
d der restlhiche Roheste +1 qu KO slich 
mit Uberschussige KOH M frak \ kt kan 
im en VII: der 3 A fraktionierte K det 
Saure Mik j ( e Vil 1 0-2 x f R ire det 
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fi Met! bei 20 \ b. Mit HC! wus 6 Sdur 8°, d.Th.) mit Schmp. 189-191 
erhalt Nach mehrfache { Me en die fart Spiesse det 
sdure VII bei 195-197 . Die Saure VII e na tde. Koche 60-proz. KOH ur 
zuriick ert. Das I.R.-Spekt K Br-Pr ) we cbc er Carb hwingung bei i i 
folgende kriftigen Bande if: 695. 813, 845, 954, 1210, 1304 d 1440 cn 
(C,,H,,O, (214°3) Ber C, 78:48: H, 6°58. Gef C, H, 6°43.) 
inol und H,SO, erneut verestert n Schmp. und Misc np. identisch n 
bei 250 ch als stabil. 1.R.-Spektrum (K Br-Pr« CO-Bande bei 1710/cm, 
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Zusatz von 272 mg VII (1-27 mMol) bei 0° wurde die erste 1 cm*-Probe entnommen und der Persdure- 
gehalt wie iblich” jodometrisch titriert. Aus der bei 0-1° verschlossen aufbewahrten I Osung wurden 
innerhalb 15 Stdn. 6 weitere Proben pipettiert; die Abnahme des Thiosulfattiters zeigte den Ver- 
brauch an Persdure an 

2-H ydroxy-2.6-dimethyl-3-oxo - lopropa{a)naphthalin - carbonsdure -(1) 
(XIV). 205g VII wurden in 50cm* stabilem Aceton in der Siedehitze spatelspitzenweise mit 
gepulv. Kaliumpermanganat versetzt, bis die violette Farbe bestehen blieb. Nach Reduktion mit 
schwefliger Sdure und Abzichen des Acetons im Vak. schieden sich 1-15 g farbl. Ketol XIV (49% d. 
Th.) mit Schmp. 186-189° aus. Umlésen aus Benzol fiihrte zu Nadeln mit Schmp. 202-203 

(Cy gH, (246-2) Ber C, 68:28; H, 5-73; Sauredquival. 252. Gef.: C, 67-90; H, 5-83; 
Sdurediquival. 246.) 

Aus der wiassr. Mutterlauge von XIV kristallisierten nach langerem Stehen 0-37 g der Ketodi- 

I 


carbonsdure XV (15°, d.Th.) mit Schmp. 225-231 

Dic Ketogruppe in XIV lasst sich durch Bildung eines 2 4- Dinitrophe nylhydrazons nachweisen; 
aus Athanol orangerote feine Nadeln mit Zers.-P. 245-246 Das Semicarbazon kam aus Alkohol 
Wasser und zeigte Zers.-P. 194-195 

2-[2'-Carboxy-5'-methyl-phenyl}-3-acet yl-cyclopropan-carbonséiure-(1) (XV). 2-57 g VII wurden in 


50 cm® Essigester bei Raumter p. mit einem 4-proz. Ozonstrom in 30-proz. Uberschuss behandelt. 
Der Essigester wurde nach Zusatz von 2°65 g Natriumcarbonat in 20 cm*® Wasser im Vak. entfernt. 
Das amorphe Ozonid ging beim Erwirmen auf dem Wasserbad rasch in Lésung. Nach 1 Stde. bei 
90° liessen wir erkalten und sduerten an: 2°48 ¢ Ketodicarbonsdiure XV (79°, d.Th.). die nach 
Umldésen aus Essigester und aus Benzol/Methanol bei 252-25 


(Cy 4H, (262°3) Ber.: C, 64:11; H, 5:38. Sdurediquival. 131. Gef.: C, 63-52; H, 5-48. 


schmolz 


Saureaquival. 127.) 

Das 2.4-Dinitrophenylhydrazon von XV zeigte nach Umkristallisieren aus Dioxan/Athanol 
Zers.-P. 282-283°. Das Semicarbazon von XV wurde zunichst aus Alkohol/Wasser, dann mehrfach 
aus Essigester/Cyclohexan umgelést: farbl. Nadeln mit Zers.-P. 198—199°. 


(C,,;H,;N,O, (319°3) Ber.: C, 56°42; H, 5-37. Gef.: 55-87; H, 5-58.) 
lopropan-dicarbonsiure-(2.3) (XVI). 145mg Ketodicarbon- 


saure XV wurden in 5 cm’ Dioxan mit 1-0 cm*® 10-proz. NaOH und Jod-Jodkali versetzt, bis die 
Jodfarbe bestehen blieb. Nach 15 Stdn. bei Raun temp. wurde das Jodoform abgesaugt ( Mischprobe) 
und das Filtrat mit Schwefelsdure und schwefliger Sdure angesduert: bei zweitiagigem Aufbewahren 
im Kihlschrank schieden sich 120 mg Tricarbonsdure XVI (82° d.Th.) in farbl. Drusen ab, die nach 
Umkristallisieren aus Methanol/Benzol Zers.-P. 285—286° aufwiesen 

(C,,H,,O, (264-2) Ber.: C, 59-07; H, 4-58 Sdureaquival. 88-1. Gef.: C, 58-18; H, 4-59 
Sauredquival. 87-4.) 

lopropan-dicarbonsdure-(2.3) (XVII). In die | 
von 36g NaOH in 20cm* Wasser wurde bei 0° Chlor bis zur Lackmus-Neutralitit eingeleitet. 
Nach Zugabe von weiteren 0°6 g NaOH und 2-20 g Ketodicarbonsdiure XV erwarmten wir je 1 Stde 
auf 60° bzw. 80 Beim Ansduren der erkalteten Lésung fielen 1-46 g Chlortricarbonséure XVII 
258-259 


schmolz; farbl. Drusen. Die Verseifungsprobe mit KOH in Athanol wies Chlor in aliphat. Bindung 


(58% d.Th.) aus, die nach Umlésen aus Benzol/Methanol und aus Essigester bei 


nach 
(C,,H,,ClO, (298-7) Ber.: C, 52-24: H, 3-71 Saureadquival. 99-5. Gef.: C, 


to 


57; H, 3-96. 
Saureaquival. 98-0.) 

2.6-Dimethyl-naphthyl-(4)-essigsdure (XVIII). 2:20 VII wurden mit 10 cm* Acetanhydrid in 
Gegenwart von einigen Tropfen konz. H,SO, 4 Stdn rickflussgekocht. Nach Erkalten vollzog sich 
auf Zusatz von 20 cm*® Wasser hin in wenigen Min. die Hydrolyse des Anhydrids. Es schieden sich 
1:86 ¢ XVIII (85% d.Th.) aus; nach mehrfachem Umlésen aus Athanol/Wasser zeigten die farbl. 
Nadeln Schmp. 158—160°. Die Titration mit n/10 NaOH in Alkohol gegen Phenolphthalein ergab ein 
Sauredquival. 214 (Ber. 214) 

Der mit Athanol/HCl aus XVIII bereitete Athylester kristallisierte aus Petrolather in farbl. 
Nadeln mit Schmp. 72-73 


(C,H, (242-3) Ber.: C, 79-31; H, 7-49. Gef.: C, 78-97; H, 7°66.) 


4% G. Braun, Ore. Synth., Coll. Vol. I, p. 431, Note 9. John Wiley, New York (1943). 


‘ 
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ypropala Jnaphthalin-carbonsdure-( 1) (1X) 


ithylester (VID). Aus Petrolither (30-40°) lange Nadeln mit Schmp. 74-75". Der KBr-Pressling 
zeigte das I stercarbony! bei 1728/cm und weitere starke IR-Banden bei 804, 877, 1030, 1153, 1200 und 
1328/cm; die aromat. Ringschwingungen bei 1500 und 1603/cm sind nur schwach 

(242:3) Ber.: C, 79-31; H, 7-49. Gef.: C, 7918; H, 7-59.) 

lopropa{a)naphthalin-car honsdure-(1) (XIX). 0-21 g 1X 
nahmen in 15 cm* Methanol in Gegenwart von Platin aus 30 mg PtO, in 4 Stdn 0:97 Molaquival 
Wasserstoff auf. Aus der eingeengten Lésung kristallisierten 0 7g farbl. Nadeln (80°42), die nach 
wiederholtem Umlésen aus Methanol bei 181-181-5° schmolzen 

(C,,H,,O, (216-3) Ber.: C, 77°73; H, 7°45. Get.: 77-46; H, 7°33.) 

1) (XX) 
0-38 g IX in 2 cm’ Chloroform wurden tropfenweise mit 2U-proz Bromlésung in Chloroform 
versetzt. Nach kurzem Stehen schieden sich 0-63 g blassgelbe Na ieln mit Schmp. 143-144" aus, die 
nach Umlésen aus Ather/Petrolither farblos waren; Ausb 95 

(C,,H,,Br,0, (374-1) Ber.: C, 44°95; H, | 3. Gef.: C, 45-32; H, 3-73; Br, 42-73.) 
1-[2’-Carboxy-4 -methyl|-2-methyl-cycloy n-dicarbonsdure-(2.3) (XX1). 1-02 g IX wurden tn 


30 cm® Essigester, wie fiir XV beschrieben, ozonisiert. Im Anschluss a ie Zugabe von 1°65 g 
Natriumcarbonat in 15 cm* Wasser und die Entfernung des Essigesters wurde mit 3 cm* 30-proz 
Wasserstofiperoxyd versetzt und 3 Stdn. auf 90° erwarn Der mit Sdure ausgefillte Niederschlag 
wurde getrocknet und mit Benzol aufgekocht, wobe 0 22 g mit Schmp 238-244° (17%) ungelost 
blieben. Aus Essigester farbl. Polyeder mit Schmp 246-247 

(C,,H,,O, (278-3) Ber.: C, 60-43; H, 5:07 Siurediquival. 92:8. Gef.: , 60°89; H, 513 
Sduredquival. 93-0.) 

2 6-Dimethyl-naphthyl-(\)-essigsdure (XXI1). Die Aromatisierung det Sdure LX vollzog sich, wie 
bei VII beschrieben, mit Acetanhydrid Schwefelsaure und lieferte 65 XXII Aus Athanol/Wasser 
172 


farbl. Nadeln mit Schmp 2 


(C,,H,,O, (214-3) Ber ; Sdureiquival. 214. Gef. C, H, 6°94 
Sdureadquival. 214.) 

Der Athvlester kam aus Petrolather in farbl. Nadeln mit Schmp 

(C,.H,.O. (242:3) Ber.: C, 79-31; H, 7 Gel 

Zur unabhingigen Synt wurder ¢ 2.6-Dimethyinaphthalin mit 4-5 g Paraformaldehyd, 
riickflussgekocht. Nach 


Eingiessen in : ire das | wherungsprodukl ! aliumevanid in siedendem 


2 cm* Eisessig 


Alkohol ume ic ydrolys« ls mit 24-proz alilauge iner Rohsaure mit 
Schmp 52-156. Haufige au nol isser steigerte den Schmp. auf 163-166". Das 
Praparat mit XXII ke rniedrigung im Misch-sc wal er noch nicht rein. Mdéglicher- 
weise ist die Chlormethy! t aust iul die } beschrankt 

Isomerisierung ethyl-§ en lepten } diure-(( thylesi (X) 0-63 
Athviester VIII wurden 5 Stdn j . er rt schl d gingen | 28 (Badtemp.) 
0-01 Torr 0-49 blassgelben is i m IR Spekt ollie m u ecinstimmte 
hydrolysiert werden konnte 

2.7-Dimethyl-SH-benzocyclohepten carbonsdure-(6) (X1) Athylester X: Blassgelbes Ol mit Sdp e-01 

(XXI111) Die Sdure XI nahm 
in Methanol in Gegenwar! rt latin innerhalb 30 Min 2:1 Molaquival Wasserstofl aul Aus 
Methanol Wasser kristallisierte irt adeln mit Schmp. 106 107 1.R.-Spektrum (KBr): Die 


CO-Schwingung bei 1686/cm entspricht einer nichtkonjugierten ¢ irboxyigruppe Die starke Bande 


c 


bei 820/cm geht auf die CH-Waggingschwingung des 1.2.4-trisubst. Benzols zuruck 
(C,,H,.O, (218-3) Ber ( 10 8:31. Get ( 6°67; H, 815.) 


Oxydation mit Kaliumpermanganat » XI wurden in 10 cm® siedendem stabilem Aceton mit 


KMnoO, behandelt, bis das Oxydans n mehr verbraucht wurde. Dann reduzierten wir mit 
schwefliger Sdure, entfernten das Aceton und perforierten 20 Stdn. mit Ather. Die sich abscheidenden 
farbl. Kristalle zeigten Zers.-P. 209 210° und erwiesen sich als Trime llitsdure: der mit Diazomethan 


bereitete, bei 192-193°/12 Torr tibergehende Trimethylester wurde identifiziert 


: 
‘ 


Die Reaktion von 2.6-Dimethylnaphthalin mit Diazoessigester 17 


\naphthalin-dicarbonsdure-(1.2) (XXV) 

5-1 g Esterfraktion B (S. 13) wurden mit 30 cm* 10-proz. methanolischer KOH verseift. Beim 
Aufkochen der trockenen Rohsiure mit Benzol blieben 3-1 g gelbbraune Kristalle vom Schmp. 
221-229° ungelést. Wiederholtes Umlésen aus Athanol/Wasser und Methanol/Benzol fiihrte zu farbl. 
mikrokristallinem Pulver mit Schmp. 250-251 

(C\¢H,,O, (272:3) Ber.: C, 70-57; H, 5-92. Saureaquival. 136. Gef.: C, 69:34; H, 6°09. 
Sauredquival. 138.) 

Die gleiche Dicarbonséure XXV erhielten wir auch bei der thermischen oder kupferkatalysierten 
Umsetzung des ithylesters V1 mit Diazoessigester und nachfolgender Verseifung des im Hochvak. 
destillierten Produkts 

2:0 g XXV wurden mit Diazomethan 
in den Dimethylester iibergefiihrt und in 40 cm® Essigester 15 Stdn. bei Raumtemp. mit einem 4-proz. 
Ozonstrom behandelt. Nach Zugabe von 15 cm* Wasser und 2 cm® 30-proz. H,O, wurde der Essig- 
ester entfernt: die zuniichst triibe L6sung war nach 24 Stdn. klar. Mit NaOH wurde kraftig alkalisch 
gemacht und mit Ather perforiert. Nach Ansauren mit Schwefelsaure erlaubte die 24-stdge Ather- 
perforation die Isolierung von 0-35 g farbl. Kristallkrusten, die nach Umlésen aus Ather Zers.-P. 
291-292° zeigten. Die U.V.-Absorption besitzt ein Maximum bei 216 my (log 3-0) und einen 
langsamen Abfall nach dem Langwelligen mit Satteln bei 271 und 297 my (log « 1-90 und 1-75) 
Das Spektrum der met! eien tracé ist sehr dhnlich 

(C,,H,.O, (272:2) Ber Sadureaquival. 68. Gef , 48:89: H, 4-35. 


Saureaquival. 66.) 


Konkurre thalin/2.6- Dime thyl aphthalin 


Mischung 25 | der | \ stoffe wurt uit 0 ¢ Diazoes- 


ire-ithylester wi ul “setzt btrennung d ‘ vasserstoffe 
Kristallisation au thanol wurde das b 5 Torr iibergehende Estergemisch 
Di inktion det de des Rohester bei 8 1 wurde als Mass fiir 

Banden bei 


1, } 
scn erscnienen In 
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-fatty acid, 
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THE lipid portion « 


that this 
insplant- 


able let ! analogous 
bifunct 
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acid 


stere 
2-enoic acid 
yurces, for 
Rembold of the 
ol the 


the natural 
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4 
Research Laboratory, Shell imitec, (gham, surrey 
: ( Receive i 61) 
ithes of t ere eric 10 xydec-2-<¢ is are described The 
e prepa f 10-acet c acid from castor oil has been 
EEE! royal jelly of honeybees has as chief constituent a C,, 
‘ which was first isolated by Townsend d Lucas! and later characterize a 
; hvdroxvdec-2-enoic acid by Butenandt and Re ld A rece ybservatior 
Ontario Agricultural College, Guelph, Canada, for providing samples of [il 
oe acid. which enabled us to identify the compound Dy the xed melting point anda 
comparison of the ra-red spectra. Shortly after our patent appli ion concerning ; 
the iz -aciad’ had been ec. nu Cal wii WCTC pu ished wl ich 
We prepared royal jelly acid (1, R H) by two methods frequently used for synthe- 
sizing -unsal ated ira acids In our c: sc tnis ediaie inal agroven 
wdide trom [U-acetoxy-. wdodecanoic acid (tt) or 1ts metinyi ¢ (til) DY neans of 
We nrorc TO cid fo 
A.B H.R ( WS, 284 
7G. F. 1 F. M iB. H \ 183. 12 1959) 
A.B \. B. Fost D.C. 1 \ Lond. 183, 996 (1959) 
a ‘G.LI R.H.J Sir Rot R mn, Tetr No. 4. 15 (1960). 
ie *G. 1. Fray, E.D. M Sir R Ri on, Tetrahedron I No. 13, 34 (1960) 
a 7 U. K. Patent A No. 25692/59 (2 1959) 
K. Pat t Apr tig No 8574/60 
*S. A. Barker, A. B. Foster and D. C. Lamb, Nature, 1959). 
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alkali, and (b) condensation of 8-acetoxyoctanal (IV) with malonic acid under the 
conditions of the Doebner reaction, followed by hydrolysis of the acetyl group. Since 
our earlier publication® we have considerably improved these two processes and we are 
confining ourselves in the present communication to a description of the reaction 


conditions which gave us the best results 


HO-(CH.,).-CH—CH-CO,R COR 
(xX OMe) 
CH,COO-(CH,).-CHO V (XxX Cl) 
lV Vi (xX : OH) 
Vil (Xx OMe or OBui) 


10-Acetoxydecanoic acid can now be ' conveniently prepared from castor oil by 
our modification” of a patented process 1! This acid was converted by means of thionyl 
chloride into the acid chloride, which was brominated without previous isolation, and 
the resulting product wa iydrolysed with water to the crude bromo-acid (VI). After 
reaction ol this with sodium iodide in 1 ethy| ethyl ketone - and t itment of the 


mide 


resulting iodo-acid (11) with alcoholic potassium hydr 


enoic acid (1, R H). m.p. 64—65° was isolated by one crystallization from ether light 


petroleum (b.p. 40-60") 
Alternately. the crude brominated acid ch ic (V) was converted into the c 


sponding bromo-esters (VII) by reaction with the appropriate alcohol in pyridine: 


presence of pyridine is essential to prevent transesterification and he resulting forma- 


tion of polyesters. Attempts to dehydrobri este OBu') with 
vhereas conversion of ster R OMe) 


diethvlaniline’’ were unsuccessful, w! 


into the iodo-este! with sodiu oaiae 1n ac Lif treatment with 


Patent 
"U.K. Pat 
R.S.S 

BG. D 
Sa 
I 
739 (1956) 


% N. Kornblum, W 


rre- 
methanolic potassium nydroxide, was Satistaciory 
rhe preferred method for preparing 5-acetox! ctanal (IV), which was required as 
an intermediate for the second route to royal jelly acid (i; R H). ¢ ted in con- 
vel ny? ) o-octanole acia nto “cic octanolc acia tnis the aldehyde 
(L\ was obtained DY Ri scniil ind ( acid nio 
We als Ip enared the aldeh' le (1V) | yin ver’ p ir vieid S-acet( xy-]- 
bromo-octane via the tosylate (VIII Is toluene-p-suiphony!) whic vas oxidized 
by means of dimethyl sulphoxide in the presence of sodiut ydrogen carbonat 
CH.COO-(CH.),-OTs 
} Vill 
Doebne! ynde ition of &-acetoxvoctanal (1V) with 1 cid. followed by 
ielly acid (1, R H). The methyl ester (1, R Me) was ired { the parent , 
acid with diazomethane 
An attempt to apply the Wittig reaction to the synthesis of the acid (I, R H) 
Ar tion No. 30163/60 (1960) 3 
Ni $34 (1952) 
dF. Li Ore. Chem. 21. 1426 (195¢ 
1G. Popiak, B n. J. 50, 1¢ 1951) 
i ind C. N 1. Bu § Chim. } 1345 (1956) 
: oO WwW. C. Howe A.J. McNamara, J. C. Schneider and J. F. Walker, J. Org. Che 21, 
J. Jones and G. J. Anderson, J. Amer. Chem. Soc. 81, 4113 (1959 


D. Moroan, Sir Rosert Rosinson and A. D. B. SLOAN 


20 G. Il. Pray, R. H. Jaecer, I 


from acetoxyoctanal (IV), using methoxycarbonylmethylenetriphenylphosphorane,"’ 


produced the desired substance only in low yield 
The chosen route to cis-10-hydroxydec-2-enoic acid (1X)** was by way of the 


acetvienic acid (X), since the partial hydrogenation of such acids in the presence ol 
is known to give the corresponding « is-ethylenic compounds with 


Lindlar’s catalyst 


a high degree ol stereospecilicity 


HO-(CH.) 


2 
= XI 
a Py.0-(CH.).( (Py 2-Tetra 
x nyoaropyrany 
[Py.0-(CH.) Me 
7-Chioroheptanol’® was converted into the corresponding tetrahydropyrany! ether 
(XI X= CH ft wl crude lo-comy d (XI, X = I) was obtained Dy 
‘ nes f de wit! dium acetviide 
met ended for the preparation ol 
ded tet non-I-yne (XII). Since it has 
th 
(XU tre i carbon ci¢ ine 
) ( (X) 
tion the XIV.R =H 1 
ans-12-H\ \ 1(X1V, H) s obt y the D 
cK R H) 
that this substance ay e re rded as analogue of Me) which an Oxyege! 
0.1 H.G M. Me R.R G.R icta 40, 124 
LHW C. A. He R. E.D 1A Chen B, 
oa * J. English Jr., J. Bo d A. J. Haagen-Smit, J. Amer. Chem. Soc. 63, 941 (1941 
he 
— 
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atom replaces the C,-methylene group; furthermore, the starting materials required 


for this synthesis were readily available. 


XV 


Condensation of 5-hydroxypentanal™ with malonic acid by Doebner’s method 
gave a mixture consisting of tetrahydropyranylacetic acid™ (XVI, _ R H) and the 
desired trans-7-hydroxyhept-2-enoic acid (XVII, R H), which could not be separ- 


ated by distillation owing to the formation of polyesters. The crude mixture was 
therefore esterified and the two isomeric esters (X\ LR Me) and (XVII. R Me) 
,5-dinitrophenyl 


4 


isolated by fractionation the latter was characterized as the solid : 


urethan 


HO-(CH,),-CH—CH-CO,R 


Alkaline hydrolysis of the hydroxy-ester (XVII, R Me) did not furnish the 


corresponding acid (XVII, R H). it caused con plete re-arrangement to tetra- 
hydropyranylacetic acid™ (XVI. R H). The hyd yethylation of the ester (XVII. 
R Me) was achie 1 by converti t first i the tosylate (XVIII, Ts toluene-p- 
sulphonyl), and treating this with the sodio-der1 tive of ethylene glycol 


1504 (1952) 


21 
O~ “CH,CO,R 
XVI 
Transesterification evidentiy tOOK piace during this process; the crude reaction 
product was the efore iroivsed a C-¢ Cd Ciging methyl 
frans-/-+( 2 -Nvat vel ept-2-enoal (A \ Me). Wil ) ed a crystalline 
x 
Ihe acidic pro solate lc e ester (XV, R Mie) failed t 
the parent acid the biological test I the compounds described in this paper 
have heen nrenared 
nave PTePA#rer 
EXPERIME® Al 
Prepa f 10-ae noic a 
in the earlier ft was key tirt eed. Af 3 hr the 
volatile products ere ed to d The 1 er 
; acidified to ¢ 7 red W SO phur cid the ture ted to t The oily layer 
was separ ited w e | a pre eated separat ‘ dy tic was 
; dried. After: ) of the et the resid 1 17 s refi l t cet hy de (350 cc) 
for 5-6 hr, the reaction 1 ture poured onto ice and left overnight. The product was collected in 
F. Woods. Ore. Syvath. Co Vol. 11, 470 
R. P. Zelinski, N. G. Peterso dH. R.W r, J. Amer. Chem. Soc. 74 
Professor G. } Townsend, private communicatior 


G. I. Fray, R. H 


AN, 


Sir Rorpert Rosson and A. D. B. SLOAN 


ether, the cthereal extract 


resid 


r. and dried. After removal of the solvent, the 
136-160" '0-2 mm | 


final 


was oliected re- 
fractionation yielded pure 
36 (as quoted in the lit 


the same m.p 
10-ac nou OBu') This 
3g) in anne 


was prepared from 10-acetoxy- 
decanoic acid (2 er as the corresponding methyl ester, using isobutanol (20 cc) 
* P. Chuit, Helv. Chim 9, 1074 (1926). 


‘ 
thoroughly washed with wate 
was carefully tract ted First a fraction 
fractionat iu fraction, b.p. 140-146°/0 2mm and 
10-acetoxvdecanoic ac iSe p. 140-142°/0-2 mr 4 sample had 
fler cr ctr (b.p. Delow 30 ) 
B | Gg pos considerably t reduc t! volume to 
— cid ted | om, a nixture d dried before, was dissolved hot 
trans-10-Hydron wid (1, R H) from 10-acetoxydecanoic acid 
P il 1 10 2 moic acid (V1 10-Acetoxydecanoic acid (23-6 g) was - 
| oof cont ved for further 3 hy The 
ct ther. v tilt re neutral to litmus, 
100°.) sf i cet trate concentrated under reduced 
The n 0 sodiu ar phite, and the product ¢ ected with 
, i and The « do-ac ted with a little methanol and added in ee 
‘ hydroxid methanol (120 cc) under nitrogen 
: Al for xtur rated ind sufficient water was added to 
ed ed Ca of et r, the aqueous 
d 
‘oduct collected ether. The 
(free OH). 5-89 ed C--O) and 
I ti dec-2 dif natural sources 
{ ind 
b) P 2 we (VIL, R OMe 10-Acetoxyd vic 
chlor ~oured nto 
pvrid 2 " nd left for 4 hr The product 
, the residue fractic ted to 
dye 
( HW t ter (19 2) was refluxed with sodiut dide 
(1 ‘ 150 ec » ‘ xt was the cent ed. d ether and ster added to ; 
| re } tne ¢ sulp te solut n, dried a id evaporated 
rude 10do-estet ed t of pot ydroxide (40 ¢) in methanol (140 cc) 
re for 2 r, diluted wit t | and extracted with ether. The extract was washed with saturated 
eee, a s sodium chloride, dried and evaporated. Crysti ition of the oily residue from ether—light 
petr im in ti (4°75 g), m.p 62-64 hroma- 
By 
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H, 8-3. C,,H,,O,Br requires: C, 52-6; H, 8-0°%) Refluxing this bromo-ester with diethylaniline™ 
and hydrolysing the reaction product failed to produce trans-10-hydroxydec-2-enoic acid. 


and pyridine (12 cc); fractionation yielded the ester (29-5 g), b.p. 140-142°/0-1 mm (Found: C, 52-3; 


8-Acetoxyoctanal (1V). 8-Bromo-octanoic acid" (33 g) was refluxed with silver acetate (27 g) and 


glacial acetic acid (270 cc) for 3 hr. The resulting 8-acetoxyoctanoic acid®’ (28 g) was heated on the 


purified tl 


steam bath wit! 


uionyl chloride (15 cc) and dry benzene (50 cc) for 1 hr; excess reagent and 


solvent were removed under reduced press and the residue distilled, to give the acid chloride as a 


colourless liquid (27 g), b.p. 94-96°/0-2 mm. The acid chloride (26 g), dry xylene (200 cc) and 5 


pall idized barium sulphate (3-4 g) were heated in an oil bath at 150—160° while a vigorous stream of 


hydrogen was passed through the stirred mixture After +5 min the evolution of hydrogen chloride 
slowed down apprecial ind the reaction was stopped after a further 15 min. The mixture was 
chilled, some Celite added to it, and the solids removed by filtratior After concentration of the 
filtrate under reduced press on the steam bath, the residue was fractionated: 8-acetoxyoctanal was 
obtained as a colourless, fragrant liquid (16 2), b.p. 80-82°/0-3 mm (Found: C, 64:3: H, 9-7 
C,,9H,,O, requires: C, 64-5; H, 9-7°,). Its infra-red spectrum had bands at 3-67 (aldehydic C—H) 


The 2,4-dinitrophenylhydrazone was prepared in pyridine according to Braude’s method,** and 
crystallized from benzene-light petroleum (b.p. 60-80°) as fine, yellow needles, m.p. 75° (Found: C, 
§2:7; H, 60; N, 15-5. C,,H..O,N, requir C, 52'S; H, 60; N, 15 ) 


A small quantity of t ibove aldehy was also obtained when 8-acetoxy-1-tol 1ene-p-sulphony 


epared fri ( ¥) by reaction with silver 


oxyocta 


toluene-p-sulphonate (39 g) in acetonit SO cc)—was treated wit limet sulphoxide (450 


and sodium hydrog carb ite (60 g) according to the procedure of Kornblum « 


(2-4 g) was isolated by means of its bisulphite addition compound 


(it) trans-10-Hydroxydec-2-enoic acid (1: R H) from 8-acetox) 


pyridine (2 


for 48 hr, with exclus yf morsture and light. The reaction mixture was then chilled in ice, acidified 
with ice-cold 50 sulphuric acid (80 cc), and the product collected in ether thereal layer was 
shaken with dilute droc ric acid, dried and evaporate< Frac ition of the residue gave 
trans-10-acetoxyde 2-enoic acid as a colourless oil (7-8 b.p. 148-151 (Found: C, 62-9: H 
89. requil C, 63-1; H, 88°.); its infra-red spectrus bands at 5-78 (C=O), 5-9 
(conjugated ¢ and 6°07 (cor ated Ihe acetoxy-acid (7:5 ¢) s refluxed under 


(42), m.p. 63°; as 1 crystallizat from t same solvent mixture raised t p. to 64-65 


This material was 


acid 


(b) By the Wittie reaction. Reactior f a solution of 8-acetoxyoctanal (2:3 ¢) in benzene (80 cc) 
with methoxycarh« imethyienetriphe vip phorane (4:1 ¢) under the condit s described by 
Isler ef al yielded / trans-10-acetoxyd 2- mate (202), b p 133—135 /0-5 mm (Found 
64:5; H, 9-3. C,,H..O, requires: C, 64-4; H 1°.). Hydrolysis of this ester (2-0 g) with methanolic 
potassium hydroxide gave an oil (1-4 g), which failed to crystallize. After chromatog phic separation 


on Florex, the trans-acid (0:19 ¢), m p. 64 565°, identical with previously prepared specimens, was 


obtained 


Methyl trans-10-hydroxydec-2-enoate (1, R Me). A solution of the acid (1, R H; 5g) in 


ether (50 cc) was treated with an ethereal solution of diazomethane. After removal of the solvent the 
residue was distilled t rive tne esler (5 ?) asa colo rless liquid, b p 115—-118°/0-15 mm, 7 D 1-4660 


(Found: C, 67-9; H, 10:5. C,;H,,O; requires: C, 68-4; H, 10-5%,) 


*7 P. Chuit, Helv. Chim. Acta 12, 465 (1929) 
*8 FE. A. Braude, J. Chem. Soc. 3131 (1953). 


4 
ne 
4 
j 
lo aa (a) By the Doebner reaction. 8-Acetoxyoctanal (8-7 g) and malonic acid (5-2 ¢), each dissolved in ; 
- | ll vere mixed at 0° and piperidine (15 drop ided. The solutios kept at 50 
nitrogen for 3 hr, with potassium hydroxide (5 g), water (10 cc) and ethanol (50 cc). Most of the 
alcohol was removed under reduced press. the residue diluted with a e water, and the alkaline ¥ 
solution extracted with ether to remov mK purity. Th jucous layer s acidified at O° with 
sulphuric acid, s ed wit a ‘ te, and ex ad The extract was 
washed with a littl iter, dried and evaporated, le: ya residue (5-6 g), whic widiiied on tritura- 
Ee identical wit ans-10-hydroxydec-2-enoic acid prepared from 10-acetoxydecanoic 


24 G. 1. Fray. R. H. Jaecer, E. D. MorGan, Sir Ropert Ropinson and A D. B. SLOAN 


Synthesis of cis-10-hydroxydec-2-enoic acid (1X) 
loxyheptane (X1; X Cl). Two drops of conc hydrochloric acid 


3-dihydropyran (25 ¢) at O Distillation from a few 


otassium hydroxide ga‘ -ch »-1-2’-tetrahydropyranylox yheptane (53 g), b.p 92-95°/0-2 
1605 (Found: Cl. H..O.Cl requires 

(X11). The above ether (13-5 g) was refluxed with sodium 

The precipitated s dium chloride was removed and the 

odide (2 ¢) for 7 hr. The reaction mixture was 


iodide 
filtrate 
1 thiosulphate solution and water, 

1: 18 g) was dissolved in 

(from 5-3 ¢ of sodium) in liquid 

» solution was stirred 


as washed succes- 
ven dried and freed 
g), b.p. 90-91°/0°3 


). The infra-red 


rom ethyl bromide (5-25 g) 
yurified by treatment 
ranvioxynon-l-yne 

The product was 

iloride 
th al solution was 


product with 


refluxed with 


tne 
ne 


hydrogenated in 
p) until one 
nd evaporation 


(b.p. 60-80 ), iding cis-10- 


45° (Found: C, 644; H, 96 
ibsorption showed a maximum at 210 my 


(free OH), 5-92 (conjugated ¢ O), 615 


d (10-1 @) was converted into the acid chloride (10-7 g), 


rogen in the pr n of § pal adized barium 


ion vielded 10-acetox ydec anal 
H, 10-3°,). The 


acid (X1V, R CH.CO). A solution of malonic acid (3-5 g) in 


pyridine (20 cc) was to 10-acetoxydecanal (6-3 g), followed by piperidine (0-6 cc) 


mixture was kept at room temp over eht and then warmed under nitrogen at 50-55° for 1 hr 


and at 90° for 3 hr. The reaction mixture was worked up as described for the preparation of trans-10- 


hvdroxvdec-2-enoic acid by the Doebner reaction. trans-12- {cetoxydodec-2-enoic acid separated 
from light petroleum (b.p. 60-80") as yellowish prisms (4:2 g), m.p 42:5-43° (Found: C, 65-4; H, 9-0. 
C,,H,,O, requires: C, 656; H, 94 its infra-red spectrum had bands at §-76 (C=O), 5-90 
(conjugated and 6°06 (conjugated 

trans-12-Hydroxydodec-2-enoic acid (XIV, R H). The above acetoxyacid (3-2 g) was refluxed 
with a solution of potassium hy droxide (2 g) in water (5 cc) and ethanol (20 cc) for 3 hr under nitrogen. 
The solution was concentrated in vacuo, water was added and the acid precipitated at O° with 25°% 


sulphuric acid. The solid was washed with water, dissolved in ether and the ethereal solution shaken 


pellets of 
9.7’. 
a 4 
: ‘ at 70 under nitrogen for 4 hr. cooled in ice and extracted with ether The extract 
sively th dil hvdrochloric acid. aqueous sodium hydroxide and water, and was 
from the solvent: fractionation afforded l-yne (8°25 
mm. nz? 1-4618 (Found: C, 75-1; H, 10-7. requires: C, 75-0; H, 
spectrum erhibited bands at 3-05 (C==CH) and 4-75 (C==C) 
10-H 2 a (X). Ethvimagnesium bromide, prep 
; and magnes n(Os g) ether (60 cc) was refluxed for 5 hr with d 
with ethy mesium bromide in ether, { d by distillation) at 
2) ether (20 cc) was added, and the mixture refluxed, with s 
solul t hich a few drops of dil hydrochioric acid id Deen a: . 
extracted with aqueous sodium carbonate, and the extracts acidified. Collection of t pace 
ether vielded crude 10-2’-tet lropy! xvdec-2 vic acid (4-62), which was 7 
methar 30 cc) and ter (30 cc) ¢ ttle toluene-p-sulphonic acid. Removal 
> 7 72 7 
ack p. 72-73 d: C, 65-4: H, C,,H,,O, requires: C, 65:2; H, 
infra-red spect ad band 3-06 (free OH), 4:45 (C==C) and 6°02 (C=O) 
a © 
cis- 10-7 2 acid (AX The above acetylenic acid (1°52 g) was 
ethyl acetate (50 cc presence Lindlar’s catalyst 0-4 g) and quinoline ie 
aia equivalent of hydrog d be ibsorbed. After removal of the catalyst by filtrat 
of the s ent, the resid C tallized from ether rht 3 
hyd a (1-35 ¢) as colourless prisms, n 
C,,H,.O, requires: C, 64-5; H, 9-7°.). The ultra-violet 
(e 12.450). The infra-red spectrum had bands at 2-90 [XE 
19.9 
; (conjugated ¢ C) and 12:3 « (cis CH--CH) 
, Synthes f compounds related to royal jelly acid j 
b.p. 108°/0-15 mm, which was reduced with hyd iis 
(6-7 g), b.p. 110 0-4 mm (Found: C. 668: H, 10:2. C,.H,..O, require 
infra-red spectrum had bands at 3-70 lic C—H i (C— 


Synthesis of trans-10-hydroxydec-2-enoic acid and related compounds 25 


with conc brine, and dried. trans-12-Hydroxydodec-2-enoic acid (2:5 g) crystallized from ether, m.p. 
69-69:5°; a second crystallization from ether—light petroleum raised the m.p. to 70-71° (Found: C, 
67:7; H, 10:3. C,,H..O, requires: C, 67-4; H, 10:3%). The infra-red spectrum showed bands at 
2-96 (free OH), 5-92 (conjugated C—O) and 6°07 (conjugated C=C). 

Methyl trans-7-hydroxyhept-2-enoate (XVII, R Me). 5-Hydroxypentanal* (50 g) was added to 
a cold solution of malonic acid (104 g) in pyridine (160 cc) containing piperidine (5 cc); the mixture 
was kept at room temp for 5 days, and then finally heated on the steam bath for 5 hr. The solvent 
was removed under reduced press, the oily residue (81 g) mixed with methanol (21) and conc sul- 


phuric acid (25 cc), and the mixture left at room temp. for 9 days. The resulting solution was con- 
centrated under reduced press, and added to a mixture of ether and ice. The ethereal solution was 
washed with aqueous sodium hydrogen carbonate and water, dried and evaporated; fractionation 
gave methyl tetrahydropyran-2-ylacetate (XVI, R Me; 14-6), b.p. 106-110°/26 mm, followed by 
methyl trans-7-hydroxyhept-2-enoate (32 g), b.p. 110-113°/0-4 mm, np’ 1-4675 (Found: C, 60-7; H, 
9:0. C.H,,O, requires: C, 60°7; H, 8-9°%,). The infra-red spectrum had bands at 2-95 (free OH), 
5-82 (conjugated C--O) and 6°05 (conjugated C—C). The 3,5-dinitrophenylurethan crystallized 
from methanol, m.p. 124-125-5° (Found: C, 48-5; H, 49; N, 11:7. C,;H,;N;O, requires: C, 49-0; 


H, 4:7: N, 11-4%) 


Alkaline hydrolysis of methyl trans-7-hydroxyhept-2-enoate (2:1 g) afforded tetrahydropyran-2- 
ylacetic acid (1-8 g), m.p. 56-58 ',* after crystallization from ether—light petroleum, as the sole product 
of the reaction 

Methyl trans-7-(2’-hydroxyethoxy)-hept-2-enoate (XV). Pyridine (16 cc) was added to a stirred 


mixture of methyl frans-7-hydroxyhept-2-enoate (7-9 g) and toluene-p-sulphony! chloride (10-5 g) 


cooled in ice-salt, at such a rate that the temperature did not exceed 0 After the addition (1 hr), 
stirring was continued for 3 hr, while the temp was allowed to rise gradually to 15 A mixture of 
conc hydrochloric acid (50 cc) and crushed ice (100 g) was added, and the product was extracted with 
ether. The extract was washed with aqueous sodium hydrogen carbonate, dried and evaporated. The 
resulting crude toluene -p-sulphonate (1 3 g) was added to a solution of sodium (1-06 g) in ethylene 
glycol (18 cc), and the mixt stirred under nitrogen at 60—-65° (bath) for 4 hr, then at 80—90° (bath) 
for 45 min, and was finally left overnight at room temp. Water (25 cc) was added and the solution 
extracted continuously with ether for 12 hr. Evaporation of the ether gave an oil (6 2 g), which was 


heated on the steam bath for 4 hr with a solution of sodium hydroxide (2-5 g) in water (4 cc). After 


acidification and collection with ether, the product (3:2 g) was refluxed with methanol (80 cc) and 


conc sulphuric acid (0-7 cc) for 12 hr. Working up in the usual way yielded, after fractional distilla- 


tion, methyl trans-7-(2’-hydroxyethoxy)-hept-2-enoate (1:2 g), b Pp 104—-106°/0-08 mm, ny’ 1-4623 
(Found: C, 59-6; H, 9-0. C,oH,sO, requires: C, 59-4; H,9-0°%,). The infra-red spectrum had bands 


at 2:92 (free OH), 5-80 (conjugated ¢ O), 6°04 (conjugated (¢ C) and 8-91 uw (ether C—O). The 


3,5-dinitrophenylurethan crystallized from methanol, m.p. 110-111-5° (Found: C, 49-8; H, 5-1; 


CrySta 


N, 10-5. requires: C, 49-6; H, 5-1; N, 10:2%). 


; 
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4 
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FURTHER EVIDENCE FOR THE AROMATICITY 
OF THE BORAZARENES 


M. J. S. Dewar and R. Dietz 


George Herbert Jones Laborat 


Abstract 
and n 
} 


ile Wi 


nap! 


SNYDER" has reported | int il ester (1) of o-hydroxymethyl phenylboronic 


+] 


acid is resistant to ysis and ma nitrated; this suggests that part or even all 


of the stability of the heterocyclic borot mpounds described in earlier papers of 
series might be due to thei cycli u her that aromaticity of the boron- 
containing rings. Here we present additional eviden uggesting that this is not the 
case and that our compounds owe their stability t cir aromatic structure. Part of 
this new evidence refers 1 cli borazarene derivatives with bases and 
5 


part to a comparison of the |-borazaronaphthalene 


with those of the corresponding non vatic 3:4-dihydro derivatives 


The acidity of ; id containing a hydroxy-substituted boron atom may 


arise in two ways may s¢ a prot give a trigonal planar anion, or the 


boron atom may behave ; acid and coordinate with a hydroxy! 


anion 1e guration a th ron atom would then be tetrahedral. The 


latter structure has been f; red for e borate ion, on the basis of Raman spectros- 


copy” and for the phenyl boronate ause the acidity is diminished by ortho- 


substitution (F-strais and increased by the addition of polyols.’ Lorand and 
Edwards® found that the formation constants of complexes between phenyl boronic 
acid and various polyols were larger than those of the corresponding boric acid 


polyol complexes, and deduced that the phenyl boronate ion was tetrahedral. The 


7-H. R.S ennarz , 835 (1958); W. J. Lennarz and 
H. R.S 172 (1 

J. O. Edwar G rrisor ssa huilt dimer. Chem. Soc. 77, 266 (1955) 

D. H. McDaniel ar r. Chen (1955) 

+ J. P. Lorand and J 


26 
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Snyder and | worker! eporte I the cyclic boric ester (1) is stable to hydrclysis - 
nitrated Ihese « SeTvath ne { ty | e neterocyciic DOTON COm- 
scrided pre pap I CYCLIC ture rather than to 
mance. Their reac dac rison of the properties of 2:1-borazaro 
a th those of their 3:4-dihydro derivatives seem to make this unlikely 
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essential reaction was assumed to be of the following type: 


OH OH 
HOCH 
PhB(OH), + OH- “—> Ph—B-—OH > Ph—B-—O 2H,O 


HO—CH ~ 


OH Oo 


They found that the pH-depression tended to a maximum with increasing polyol 


concentration only in the case of mannitol and ascribed this behavior to the formation 


of neutral as well as anionic complexes. 


The acidity of derivatives of the heteroaromatic boron containing analogues of 


phenanthrene (II1)® (LV)? and naphthalene (V)* described in previous papers in this 


series is of further interest since the participation of the boron atom in a cyclic con- 


jugated system has been shown®® to modify its properties considerably and should 
jus ; 


allow ultra-violet spectroscopy to be used to follow the acid-base changes. We have 


ydroxy-10,9- 


borazarophenanthrene (Illa) 10-hydroxy-10,9-boroxarophen nthrene (IVa) and 


studied three heteroaromatic compounds from this viewpoint, 10- 


2-hydroxy-2, |-borazaronaphthalene (Va). The isomerization product of 2,2’ tolandi- 
boronic acid” which very probably’ has the structure (VI) is also discussed and 
measurements were made on phenyl boronic acid and 2-biphenylboronic acid for 


vijether in the solid 


5.10 


comparison. Although Va exists® as bis(2,1-borazaro-2-napl 


state and [Va undergoes reversible dehydration, the formation of alkyl ethers 


from Illa, [Va and Va on crystallization from alcohols and the ease of their hydrolysis 


shows that all three exist as hydroxy-derivatives in solution in aqueous ethanol. 


i 


rhe acidities were compared as the pH-values of half-neutralized solutions of the 


acids in 1:1 aqueous ethanol. The point of half-neutralization was the calculated one 


since most of the acids were too weak to allow an accurate determination of the end- 


points in this solvent mixture. The effect of polyol was found by adding mannitol in 


concentrated aqueous solution at the half-neutralization point. 


* M. J. S. Dewar, V. P. Kubba and R. Pettit J. Chem. Soc. 3073 (1958) 
7M. J. S. Dewar and R. Dietz J. Chem. Soc. 1344 (1960) 
* M. J. S. Dewar and R. Dietz J. Chem. Soc. 2728 (1959) 
* R. L. Letsinger and J. R. Nazy J. Amer. Chem. Soc. 81, 3013 (1959) 
” M. J. S. Dewar, R. Dietz, V. P. Kubba and A. R. Lepley J. Amer. Chem. Soc. In press. 
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The pH-values of half-neutralized solutions of Ila and Va did not differ signifi- 


cantly from those of the correspondingly diluted alkali and no increase in acidity 


was produced hy added mannitol. Addition of alkali to an ethanol solution of Va 


produced a reversible spectral change (Fig. 1) but not in the direction of the corre- 


sponding 2-aminostyrene spectrum. No spectral change was produced when alkali 
inolic solutions of 2-methyl and 2-phenyl-2,1-borazaronaphthalene 


was added to eth 
(Vb.c). The reversible reaction ol : with alkali was therefore not one of co-ordina- 
tion and the anion corresponding to Va must | lanar. This reversal of the behavior 


~asured 


with an exces f nnitol neutra Te and basic solution (Fig. 3). Under 
the absence of mannitol. No 


acidic conditions the spectrum Was cXac like that 


1 B. Bettn ” er c. 56, 937 (1934) 
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omp I the it the acidity of [Va was 
surp st t boronic acl Known and 
cIscus | DOVE pa il ) oT Vi ‘ ol 1Va ind the two 
ICVCHIC D is We! cd mani The resulting pH-depres- 
} re ) rer woarcls max ul 
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threne. 
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trum in presence 
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leay es little doubt 


that the boron ator 
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poss! 
similarity 
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of Vill 
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spectrum (Fig. 4). 
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was produced’ reversibly by the addition ol 
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howevel resembled closely 


The neutral spectrun 


ICC a little alkali to a 


to the original spectru acid ilkaline spec- 


very simliatl ere therefore 


Was 
simple anion 


tion (ILI) 


on. The 


and 


n atom 


PLUULLU 


ous reduc- 


etrahydro 


derivative (X) as shown by 


r absorption in the LR. 


treatment VIII was recovered unchanged. 


hem. Rev. 31, 85 (1942) 


197 (1890) 
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e rationalization of the unusual acid streng [Va and the total dis- 
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indicated by mo the elieved when the 
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of the 10.9-boroxarop nthrene well require odification and 
 . iit of the ! iat atom in VI sugges that they resemble the 
mapninaicnes uite 
for let of itter compounds V has 
of 3.4 dihyd | naphtha (Vi), ar to demonstrate the 
of were dependent 3.4 unsaturation 
NW 
ar 
1] 
3 1-borazaro-2 ther (VILL) pre 1 to be fairly resistant to treatment 
1 to the [ most st R¢ ( Vi O per cent 
nolar exc¢ as added bo | n of VIL in ethanol 
hutano! 3.4-dihvdro-2.1-b raro-2 nhthylether (LX) 
Ali 
5 8 
is: 1 identifical nt infrat nectrum (Fig. 4) of peaks due to the 
Of alip H i>, cm ) ent in the spectrum 
nd of an N—H | r*) l p rum (Fig. 5) 
hi mbled that ? line rather than of VIll An analoc 
| lt y-1,2.3 
ipnt in n Vi AICONO! LO 4-1 
has long been know 
ork warmed in acetic anhydride (1X) gave a diaccty) [is 
4 
hell and B. K. Campbell . 
and W. Lodter Ber. 23, 


New heteroaromatic compounds—xXII 


i 
: 
Fic. 4. Infrared spectra it hlorobutadier q 
(a) Dis (3,4 ivdr 1-b« 4 nht ) b) 
bis (2,1-b« 
Absorption to t ; 
~ 
4 \ \ 
\ \ 
\ 
\ I ravio spectra of bis 
\ | 2 )-2-naph 
\ 
\ 2-t ne in cyclo-octane with 
\ centration doubled ( ) 
5 
| 
| | 
23 270 310 350 
rr 
: 


M. J. S. Dewar and R. Dietz 


The unusual resistance to hydrolysis of the boron-nitrogen bond in the 2,1- 
borazaronaphthalenes was strongly indicative of their aromaticity. 2-Phenyl-2,1- 
borazaronaphthalene (Vc) was recovered unchanged after 3 hr boiling with con- 
centrated hydrochloric acid and after 2 hr boiling with 40 per cent aqueous potassium 
hydroxide. Prolonged boiling of VIII in 10 per cent aqueous alkali’ failed to produce 
an ultraviolet spectrum different from that of the anion, which was produced immedi- 


ately and reversibly by the addition of a little alkali to an ethanolic solution. 


0 C CH, 


The stability of the bonds in LX and X was of a quite different 
order. Their n n air. but returned to the original values 
after heating in vacu \ 1 hot water a here crystallized a new compound, 
whose neutralization equivalent diflered m that by the equivalent of 1-5 
molecules of water The intrared that of X sh wed a broad 
N—H stretching absorption at 3336cm', and el ntary analysis supported the 
formulation 2-acetamidophe! iviboronic acid No sharp melting point 
could be obtained for XI, even in prehe: | bat presumably because of slow 


lization to (X). On heating XI acuo, reconversion to (X) was quantitative 


2-Amino phenethyl! boronic acid hydr« oride (X11) crystallized from solutions 


of 1X in dilute hydrochloric acid. Cyclization of XII was: npnarently inhibited by the 


harp melting point was observed and 


positive charge on the nitrogen atom, since a §$ 


since no dehydration could be effected by heating 


CHCH BIOH) 
x 


One curious feature of X and XI was that then IR speci showed no amide 


carbonyl absorption (1625-1700 cm~'), although their preparation and interconver- 


sion leave their structures in no doubt. The only re sonable explanation seems to be 


that the carbonyl groups are internally chelated to boron (XIII and XIV), and that 


the weakened carbonyl absorption then appears at lower frequencies. The structures 


(XIII and XIV) are conformationally favorable and little strained. 
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Reduction of the 3,4-double bond in the 2,1-borazaronaphthalenes resulted in a 
considerable modification in the properties of the system. The stability of the boron- 
nitrogen bond was reduced to an extent such that the reversible reaction (XV) took 


place, and acetylation of the amine function under normal conditions became possible, 


NHR 


CH.CH,B(OH). 


whereas we were unable to prepare an acetyl derivative of VIII. Both differences 


clearly reflected the aromaticity of the 2,1-borazaronaphthalenes. 


EXPERIMENTAI 


Acid strengths 


Samples (ca. 25 mg) of the various acids were dissolved in a mixture of carbon dioxide-free water 
(25 ml) and ethanol (25 ml) at 15 A slow stream of nitrogen was passed through the solution, and 


successive equal volumes of sodium hydroxide (0-05 N in CO,-free water) and ethanol were added 


The pH value of the solution was measured after each pair of additions by means of a Pye | niversal 


pH meter, with micro calomel and glass electrodes. The meter was standardized in a pH 5 6 aqueous 
bufler and the electrodes were stored in water and immersed in the solvent mixture for the minimum 
time consistent with accuracy. The difference in buffer readings before and after the titration never 


exceeded 0°02 pH units for the quoted values. Mannitol was added dropwise in 10 per cent aqueous 


solutior Duplicate determinations were carried out | ill cases, the deviation never exceeding 0-05 


pH units for the q ioted values 


Neutralization equivalents were found by titration with standard alkali in the presence ot 
mannitol Bis(2,1-borazaro-2-naphthyl ether is prepared from 2-amino styrene." Analyses, 
including those for bor were by Alfred Bernhardt, Mulheim, Germany 


yrously 


stirred, boiling s tl oro 2 por iro-2 ohthyvl) ether (4:11 ¢. 0-015 mole) tin n-butanol 
(300 ml). When the sodium had dissolve ter (SOO )and hydrochloric acid were added until the 
aqueous layer was strongly acid. The but el eotrope was removed at 100 dc. 30mm 


racted with 


ether (5 100 ml). The co ed ethereal extracts were dried (MgSo,) and evaporated to give a red 


ro ; ve ther 


Crystallization under dr itrogen from dry pentane removed the color and raised the melting 


point to 87-5-—-89 
(Found: C, 69-6; H, 65; N, 10-0; B, 8-0 Calc. for C,,H,,N,B,0 C, 69-6; H, 6-6; N, 10-2; 
B, 8-0 


Bis(\-acetyl-3 


The d ty! der ves wa ar ing bis(3,4-dihydro-2-1-bor 2-naphthy)l ether 


i) mm 


Crystallization from chloroform-—light petroleum (b.p. 60-80 ) gave needles of the diacetyl derivative 


m.p. 280-282 
(Found: C, 66°6: H, 62: N, 7-7: B, 64 Neutralization equivalent 180.) Calc. for C.,>H.Ne 
B,O ( 66:7: H, 6-2 N, 7-8:B, 6-0 Ne itralization equivalent 18] 


Dae 
Ga 
th 
o——B8 
+3H.O — 2 
CH CH; 
CH CH 7 
ethe: 
: Freshly cut pie of sodium (2-3 ¢: 0-1 # atoms) were added down the condenser to a rs 
| 
be 
oil which, when heated at 80° and 0-5 mm gave crude dis 
asa pale vellow n.p R32 RA” 
nm ace 
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2?-Acetamido phenethyl boronic acid 
Crvstallization of the above diacetyl derivative from water gave rectangular prisms of 2-acetamido 


phenethyl boronic acid, « hich began to melt at 127°. No sharp melting point could be obtained, even 
in preheated baths 
(Found: C, 58-3; H, 68; N, B55 


Neutralization equivalent 207.) 


Neutralization equivalent 208 Calc. for C,,H,,.NO,B 


$80: H. 68 


-Amino phenethyl boronic acid hydrochloride 


-dihydro-2,1-borazaro-2-naphthy)ether from dilute hydrochloric acid 
f the hydrochloride m.p. 190 192 


COLOTICSS NCCUICS OF 


7: 57%. Cale. for C,H,,NCIO,BC, 47-7; H, 65; 


Crvystalliz: 
N) after 
(Found H 


was carried out at Queen Mary College, 
London for the award of the William 
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10:9-BORAZAROPHENANTHRENES 
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Abstract 10-Ethoxycarbonyl derivatives of 10:9-borazarophenanthrenes have been prepared by 


reaction of the 10-lithio der tives with 


PREVIOUS papers of this series have described a number of novel heterocyclic boron 


compounds isoconjugate with normal aromatic hydrocarbons. These compounds 
showed much greater stability than previously described organic compounds of boron 


and this was taken as evidence for aromaticity. Two lines of evidence have suggested 
however, that this may not be the case and that the resonance effects in such com- 
pounds may be small 

In the first place Professor R. Huisgen has informed® us that one of 
pounds, 10-methyl-10:9-borazarophenanthrene (1), has a very low dipole moment 


(0-16 0-02D), suggesting that the contribution of dipolar resonance structures such 


as (1) must be small. Secondly Snyder and his collaborators* have reported that the 
the stability of 


cyclic boric ester (III) is very resistant to hydrolysis, suggesting that 


our compounds might be due merely to their cyclic structure 


If the stability of compounds such as (I) is due to aromaticity, the stability should 
be reduced by structural changes which destroy the resonance in the boron-containing 
rings. This could be effected in (I) by attaching +E substituents to nitrogen or —E 


! Part XII: M. J. S. Dewar and R. Dietz, previous paper 
? Present address Department of ¢ hemistry, Cornell University, Ithaca, New York 
note at the end of this paper at Professor Huisgen’s request 


* Details are given in ge 

‘ H.R. Snyder. A. J. Reedy, and W. J. Lennarz, J. Amer. Chem. Soc. 80, 835 (1958); W. J. Lennarz and 
H. R. Snyder, Jbid. 82, 2172 (1960). 
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ae : 

| 
he 

i : rapidly oxidized by air to products in which the BN bond is broken. These reactions suggest that the 

ae 6 ; stability of the present compounds to oxidatior | lrolysis must be due to resonance stabilization 

oe A measurement of the dipole moment of 10-methyl-10:9-bor irophenanthrene by Professor R : 
: Huisgen and his collaborators ts rted 
H JH 
RR RB BMe 
R=Phr 
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substituents to boron; for the resonance interaction between nitrogen and a +f 
substituent (e.g. acyl) should reduce the availability of the p-electrons of nitrogen for 
bonding to boron, while E substitutents (e.g. hydroxy) attached to boron should 
reduce its tendency to accept electrons from nitrogen. We therefore decided to 
examine the properties of 9-acyl derivatives of 10:9-borazarophenanthrene 

In a previous paper of this series we reported? that the 9-lithio derivatives (V), (VI) 


of 10-methyl-(1) and 10-phenyl-(I1) 10:9-borazarophenanthrene reacted with dimethyl 


sulphate to form the corresponding 9-methy! derivatives (VII), (VIII). We have found 
that the 9-lithio derivatives react likewise with ethyl chloroformate giving the corre- 
sponding urethanes (1X) (X) 

These were reasonably stable compounds, being unaffected by small amounts of 
alkali or acid in alcoholic solution, and their ultraviolet spectra showed a close simi- 
larity to those of the paren npounds (1) or (11) (Fig. 1). Hydrolysis with alkali re- 
generated (1) or (11) by decarboxylation of intermediate carbamic acids 

However the urethanes (1X), (X) were rapidly oxidized on exposure to air unlike 
the parent compounds (1), (11), or their 9-methyl derivatives (VII), (VII) The liquid 


10-methylurethane (1X) gave a solid oxidation product (A) The crystalline 10-phe- 


nylurethane (X) was stable in air but an ethereal solution underwent oxidation to 


*M. J. S. Dewar and P. M. Maitlhs, Amer. Che 83, 187 C1961) 
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phenol and the same product (A) that had been obtained from (IX). Clearly the oxi- 
dation must have led to loss of the methyl or phenyl group from boron. 

The oxidation product (A) was clearly closely related to 10-hydroxy-9-ethoxycar- 
bonyl-10:9-borazarophenanthrene (XI) since it contained the correct amount of 


ethoxyl and it was readily hydrolyzed by alkali to 10-hydroxy-10:9-borazarophen- 
anthrene (XII). However, the ultraviolet spectrum (Fig. 2) no longer showed the 


absorption in the 320 my region characteristic of 10:9-borazarophenanthrene deri- 
vatives; indeed it showed no peaks at all above 225 my, rising steadily from 330 my 


(log E, 2-25) to 225 mu (log E, 4-46) through a series of shallow inflections. This type 


of spectrum is characteristic ofa sterically hindered diphenyl, with an auxochromic 


“Se 
Nl NMe NCOOEt NR 
ch BR BR BR BOH 
. 
R=Me R=Me R=Me F DOE t 
R=Ph R=Ph x R=Ph x 
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group attached to one ring; 2-methylbiphenyl-2'-carboxamide shows a spectrum very 


similar® to that of (A) 

This strongly suggested that (A) no longer had an intact B-N bond, a conclusion 
supported by the infrared spectrum which showed a very broad NH band at 2°97 u 
and a carbonyl! band at u; absorption of this type 1s characteristic of a urethane 
The 9-ethoxycarbony! vatives (1X). (X) showed carbonyl absorption at 5-75 ua: 
here the jugative interaction between nitrogen and ca nvl is less than in a normal 

rared spectrum of 


(A) als ing it 7 res ya hing, and alsoa 


stron 


(X11) w 
solutior 
(Fig. 2) 1 


NH and CO bands tn the 


and the analyses were crratic 


at 214 (just below the melt 


tion in the regions normally 


ch analyzed for (XIII) less half a 
ted that (XIII) must have under 
product is the bis carbethoxy- 
band in the infrared can be 
lination to (XVIII) (cf n ding paper) Models indi- 

str ire (X VILL) should be almost unstrained. The formation of 


‘ 
ic 


(XVIII) from (XI11) is easily understood; most preparations are evidently mixtures of 


181 John Wiley, New 


80, 3611 (1958) 
854 (1952): G. H. Beaver and 


, S411 (1958) 


band at analogous to that observed’ in al oronic anhydride his 
evidence suggests that (A) was 2 -et xvcarbonamido-2-biphenylboronic anhydride 
4 ich p y I e corresponding ethyl ester (XIV) in alcoholic 
This for ‘ further supported he appearance of definite peaks 
t let cu t 250-2 i was added to the aico i 
bi neak ' , ract of a indered biphenvl 
meeesting that alka clizatior (VI) to the planar ion (VII) 
E100C-NH N-COOE! 
= B(OE?) B (OE?) 
o—8 
NHCOOE! 
XTV XV 
Similar were p formed when (A) dl lin aqueous alkali; (A) was 
precipitated . ; tions by acidification. Moreover (A) reacted 
Be. with O-phenylenedian in 1 manner typical’ of arylboronic anhydrides to form 
the dia ye de;ri e (XVI) which had a strong carbonyl! band at 58 u 
One aspect of (A) proved p ing. The strength of the i ___ 
infrared (K Br disc) varied greatly in different sanpis eee 
We eventually found that prolonged drying in a vacuwn ee 
ing point) gave material (B) which showed no absorp 
7 characteristic of in 
moteculc Of Walter | 
structure 
ascribed to interna | 
‘RA. fel and M. Orct Ultraviolet Spect Aromatic Compounds No. 
York 
"J.C. H.B D. M.H M.S. ind E. E. Turner, J. Ch 
D. M.H 1638 } 
; "ot. R. L. Let rer d S. B. Hamilton, J. Amer. Chem. S CS 
awe 
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the two. Fresh material that had been only gently dried gave very strong imino and 
carbonyl absorption and its analysis corresponded closely to (XIII). 

The structure of (XII1) was further indicated by a synthesis from 10-hydroxy-10:9- 
borazarophenanthrene (XII) by treatment with slightly more than two moles of 
phenyllithium, followed immediately by an excess of ethyl chloroformate. If (XII) is 


allowed to stand with an excess of phenyllithium the hydroxyl is replaced by phenyl 
giving (11); reactions of this kind are also effected'® by the action of Grignard re- 
agents on (XII) 

We also examined the reactions of benzoyl chloride with the 9-lithio derivatives 


(V) and (VI). In each case the same high-melting product was formed, suggesting 


XX, R=Me XXIII, R=Ph 
XXI, R=OH XXIV, R=OH 


that the methyl or phenyl group had been lost during the reaction. The reaction pro- 
duct was insoluble in all solvents (except concentrated sulfuric acid which destroyed it) 
and the infrared spectrum (KBr disc) showed the carbonyl absorption at 6-1 « charac- 
teristic of aromatic amides together with a very broad NH band. Analogy suggests 
that the product was a mixture of benzamido derivatives analogous to the urethanes 
(XIII) and (XVII), formed by oxidative demethylation or dephenylation of inter- 
mediate 10-benzoyl derivatives (XIX). All attempts to isolate (XIX) failed; unless 


1° M. J. S. Dewar, R. Dietz, Ved P. Kubba and A. R. Lepley, J. Amer. Chem. Soc. In press (1961). 
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these compounds are not formed, which seems unlikely, they must be much more 
susceptible to oxidation than the corresponding urethanes (XI), (X). 

These results suggest very strongly that the stability of compounds such as (1) to 
oxidation or hydrolysis is not due simply to their cyclic structure but must be ascribed 
to resonance stabilization. Introduction of electron-attracting substituents such as 
ethoxycarbonyl or benzoyl into a molecule would normally decrease its ease of oxi- 
dation. Such substituents attached to the nitrogen atom of borazarophenanthrene 
should, however, reduce the resonance stabilization of the central ring and benzoyl 
should have a greater effect than ethoxycarbonyl in view of its greater E activity. If 
the stability of (I) is due to resonance stabilization, the ease of oxidation should there- 
fore rise in the series (1), (11).< (VI), (VID) (XIX), as observed. It is also interesting 
that the B-N bond of borazarophenanthrene remains intact in the 10-hydroxy deri- 
vative (XII) and in the 9-ethoxycarbonyl derivatives (IX), (X), but breaks easily in 
the 10-hydroxy-9-ethoxycarbonyl derivative (XI). If the stability of these compounds 
to hydrolysis were due solely to their cyclic structures this would be difficult to explain. 
If however the stability is due to resonance it should be decreased both by E sub- 
stituents (e.g. COOEt) attached to nitrogen and by — E substituents (e.g. OH) attached 
to boron. The BN bond can apparently survive one such substitution but not both 
simultaneously 

\ similar effect should be observed when the ring adjacent to nitrogen carries + I 
substituents. This seems to be the case. Thus while neither 10-methyl-10:9-borazaro- 
phenanthrene (I) nor its 6-nitro derivative are demethylated during nitration with 
acetic anhydride and nitric acid, the 8-nitro derivative (XX) undergoes partial oxida- 
tion to 10-hydroxy-8-nitro-10:9-borazarophenanthrene (XX1)." In the 8-nitro deriva- 
tive there is a strong interaction between the imino nitrogen and the nitro group 
which can be represented as a contribution by the dipolar resonance structure (XXII). 

re (XIV) for the 6-nitro derivative is less important since it 
involves greate! arg ration and since there is no possibility of hydrogen bond- 
ing between NH and cf. (XXI1)) 

\ similar et again sl e brought about by replacing nitrogen in (l) by a 


more electronegat! itom such as oxygen. This is indeed so: 10-phenyl-10:9-borazaro- 


phenanthrene (XXIII) is rapid! xidized by air to the corresponding 10-hydroxy 
derivative (XXIV) which can be isolated as its anhydride.'* 


These arguments imply that iid undergo rapid oxidation were it not for 
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strong resonance interactions in the central ring. The resistance to oxidation is there- 
fore strong evidence that compounds of this type are aromatic. 

The relation between (IVc) and (V) is interesting. Any 10-hydroxy-10:9-borazaro- 
phenanthrene (XVI) is isomeric with an arylboron oxide (XVII), the trimer of 
which is an arylboronic anhydride (XVIII). 

The relative heats of formation of (XVI) and (XVIII) will depend on their total 


bond energies and resonance energies; if the former could be estimated, one might be 


able to draw conclusions concerning the resonance energy of (XVI) from the relative 
stabilities of (XVI) and (XVIII). Unfortunately this is not possible since the B-N 
bond energy is known only in borazine derivatives where there is an uncertain 
correction for the resonance energy of the borazine ring; the experimental evidence 
suggests that (XVI) is normally the more stable form, but that introduction of E 
substituents on the nitrogen atom makes (XVIII) more stable. Such substituents 
should decrease the resonance energy of (XVI), but not that of (XVIII. 


[he reactions of borazarophenanthrenes with acid are interesting. Derivatives 
with a free NH group seem to undergo protonation in acid without rupture of the 
central ring; this is indicated in the ultraviolet spectrum by the disappearance of the 
typical borazarophenanthrene bands in the 320 mu region and the appearance of the 
strong maximum round 260 my characteristic of a planar unhindered biphenyl (cf. 


Fig. 3). The urethanes (1X), (X) also undergo protonation in strong acid, but the 


4 
| 
ee — 
| 
\ 
\} 
\ } 
\ | 
4 
| 
Compar of the t iolet spec of X11 in 95 et Te) ) and in a mixture 
ot ¥5 ethano ce ited aroc Cc ac either 1:5 viv { ) or 1°10 viv q 


42 M. J. S. Dewar and P. M. Marriis 


ultraviolet spectrum now loses all its structure (Fig. 4), showing the characteristics of 


a sterically hindered biphenyl. This must mean that the central ring of (IV) undergoes 
rupture under these conditions. Presumably protonation takes place first on the 
carbonyl oxygen. This increases the +E activity of the group to such an extent that 
the central ring loses all its aromatic character and so undergoes hydrolysis The 
urethane must have remained intact during the time that it took to measure the 


Fic. 4. Comparisor f iltray t spectra ol in alkalin ) and in a 
mixture of 95 ethar with concentrated | oric ack \ ), with that of 


spectrum since hydrolysis would have led to ring closure to 10-phenyl-10:9-bora- 
zarophenanthrene which like the 10-hydroxy derivative forms salts in which the 
central ring ts intact 


EXPERIMENTAI 


The infrared spectra were measured on a Grubb-Parsons double beam spectrophotometer ; ultra- 
violet spectra in 95 thanol on a Unicam S.P. 500 spectrophotometer The ultraviolet spectra in 
strong acid were carried out on ethanolic solutions of the B-hydroxy compounds which were diluted 
with concentrated hydrochloric acid (1:5 for the 9-0 N and 1:10 for the 9-8 N solutions). The micro- 
analyses were carried out by Alfred Bernhardt, Miilheim, Germany; molecular weights were deter- 
mined in naphthalene since camphor did not give reliable results 

9-Ethoxycarbonyl-10-methyl-10:9-borazarophenanthrene (1Vb) A solution of 10-methylbora- 
zarophenanthrene (7-0g;0 0363 mole) in benzene (30 ml) was titrated under nitrogen with an ethereal 
solution of methyllithium (it required 34 ml (0-048 mole) of a solution containing 0 5 g active lithium 
per 50 ml). The end-point of the titration was marked by the appearance of a stable bright yellow 
colour.? The solution was stirred for 5 min and then a benzene solution of dry, freshly distilled ethy! 
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chloroformate (5-5 g in 20 ml) was added; the color disappeared immediately and the solution was 
refluxed for one hour. It was then cooled, hydrolyzed with dilute hydrochloric acid and ether- 
extracted. The ethereal solution was dried, and the solvent distilled (last traces of ethyl chloroformate 
being removed under vacuum), to leave an oil which did not solidify on cooling. The oil distilled at 
160°/0-3 mm to give, after a small fore-run of starting material, 9-ethoxycarbonyl-10-methyl-10:9- 
borazarophenanthrene g, 80°), ny; 1-6188 (Found: C, 72-37; H, 5-78; N, 5:33; B, 441% 
M, 268. C,,H,O,NB requires: C, 72-45; H, 6:04; N, 5-28; B. 409°; M, 265) 
9-Ethoxycarbonyl-10-phenyl-10:9-borazarophenanthrene 1Va. A solution of 10-phenylborazaro- 


phenanthrene* (5-0 g, 0-0196 mole) in benzene (20 ml) was titrated with ethereal phenyllithium [it 
required 15 ml (0:0215 mole) of a solution containing 0°5 g. active lithium per 50 ml]. A benzene 


solution of ethyl chloroformate (4:0 g. in 10 ml) was added, the color diappeared and the solution 


was refluxed for one hour. It was worked up as previously described to give a brown liquid which 
solidified on cooling. Crystallization from ether-light petroleum (b.p. 40-60") gave 9-ethoxycar- 
bonyl-10-phenyl-10:9-borazarophenanthrene (2°6g) m.p. 116-117 The mother liquors were 
chromatographed on alumina and eluted first with ether to give 10-phenylborazarophenanthrene 
(0.5 g) and then with chloroform to give more ethoxc rbonylphenylbor izarophenanthrene (0-7 g) 
113—115°*. The total yield was 3-3 g (51°.) (Found: C, 76:1; N, 5-48: N, 4:28: B, 315% 


m.p 
M 


in benzene 
(30 ml) of 10-hydroxy-10:9-bor rophenanthrene (4:2 g: 0-0227 mole), which had been thoroughly 
dried under high tit ic the ethere pl {it req 3 ml (0-05 mole) of 


been obtained 


red and 


refluxed for I reactior rked up as described above, to give a solid which 


st ration ft he n *ht petroleum b.p. 100—120°), 2-(N-ethoxycarbonyl) amino- 


nd (IX) whereas the 


under 


milder con 


An ture of mp 1(A) (130 ¥) dg o-phet enediamine (60 mg) was dissolved in benzene 


(50 ml 


ab ut Sn | © t dep ted W Crystal (S0 +0 ) of the o nhenyle rediamine 
der ilive ).( N-et rb ) ni phen )’-bor inhydride (IV) m.p 156-15 


(Found: C, 70-06: H, 5-29: N, 11-51 C.,H..O.N,B requires: C, 70-58; H, 5-61; N, 11-76%) 


2-(N-Benzoyl)-aminod mic an 10-Phenyl-10:9-borazarophenanthrene (2:3 g, 
0-009 mole) dissolved benzene (20 ml) was titrated with ethereal phenyllithium (0-012 M)and freshly 
distilled benzoyl chloride (2:5 g) benzene (15 ml) added. The solution turned deep red and was 
refluxed for 75 mu It was then worked up rapidly as previously described to give a crude, red, 
boron-containing solid. This red color was re ed by washing with solvent to leave a white amor 
pl s solid m.p. above 300° (2:8 g, 96°,). This solid was unaffected by all organic solvents and by 
hot concentrated solutions by both alkali and acids with the exception of concentrated sulfuric acid 
in which it dissolved (however on dilution and basification, no product could be tsolated) This 


the 2-(N-benzoyl) aminodiphenylboronic anhydride (X) mixed with some 


* It is necessary to carry out all the operations in which ethereal solutions are exposed to air very 
rapidly; even on standing in air for a few minutes solutions of the ethoxycarbonyl compound turn brown 


due to oxidation 


| 
4 
| 
i. a solution containing 0 active lithium in 50 ml) till a stable yellow color had mmm. 
During t dditx t the solid dissolved initially but was reprecipitated towards Te 
Ethyl chlorofor te b e (40 ¢ 10 ml) was added very quickly; the solution 
Was ref) x 
gave 
as diphenyl-2’-boronic anhydride, m.p. 215-220" (3:1 g, 51°.). The freshly prepared material had 
strong C=O and N-H ban ad the following analysis: (Found: C, 67-90; H, 5-17; N, 5-53 : 
B, 4-05; OFt, 17:1 M, 703. (1V),(C,,.H,,O,NB), requires: C, 67-41; H, 5-24; N, 5-24: B, 4-06 
OEt. 16°85 M. 800) 
iV), (C,.H,.O.NB) wuires: C, 69-78: H, 5-04; N, 5-43; B, 4:26; OEt, 17-45%; M, 5-16] 
A sample whicl 1 be d at 214°/0-2 ! id which had m.p. 220-221° and showed only 
weak carbonyl and N-H absorption in the infrared had analysis; (Found: C, 69:26; H,488; N, 5-44 
B. 4-2¢ ) 
This latter sample was presumably n the f f the cyclic compou Ti. 
fresh sample was ly pre tas(V). S ples which had been vacuum dried == Ei - 
ditions he wed nter ediat lyses 
is 
material was presumab|y 
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of the cyclic compound (X1). | $63; N, 501; B, 3-5 H, ,O,NB WX) 
requires: C, 78-0; H 3: N 33 3-36 f H,.O.NB), 
N, 4-46: B, 3-4¢ 
the ultravi 
showed 
the B-O ba 
the above 
The 
rene and 
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DIE BESTIMMUNG DES DIPOLMOMENTS DES 10-METHYI! 
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Das Dipolmoment des } \ Or rophenant ‘ irs 1 der fruher beschrie 


benen Methode 


Molenbruch des Gelosten ( 
Dielektrizitdtkonstante (+) 


Daraus ergibt sich } 


* R. Huisgen und H. Walz, Chem. Ber. 89, 2616 (1956); R. Huisgen und H. Ott, Tetrahedron 6, 253 (1959) 


y!- 10 :9-borazarophe ene (1Vb) (1-4 2) was dissolve 10 ) anc ed toa 
solution of sodium hydroxide 0 solu refluxed overnight. On : 
cooling 10 rophe ene ) xed mp. suthentic 
material 101-102 ) Acidificat i ved by ether cxt rave cit il O-l @ (total yield 
‘ 88°.). 10-Phenyl-9-cthoxycart U:9-D ene (1Va) (0-5 ¢) was hydrolyzed the 
same way | ve 10-pheny!-10:9-bor re 0-15 p. 106-107 xed m.p 
with authent material, 107-10 dd ?.(N-ethoxycarbonyl) aminodipheny! 
bor vdride (< Love the above s gave 10-hydroxy-10:9-borazaro 
pher nihrene (OO } red ce t ol ithentic sample The 
infrared sr fr 17s “) , 17) | nrobably eflect changes 
dry 0 
tor f 10-pher 10 10:9 azarophenanthret (IV) 
evaporated (48 hr). Ad sh cry ed ether and filtered 
filtrate was cvaporated dow d d the residuc b if er to give small 
amount of whic purple s tes ferric entic ven by a sample 
ot pie ag had frared spec lent with 
that of pine An a gous ent w 10 kycard y 0:9-Dor rophen 
> 
(0°95 ¢) which v s day above ¢ s gave 0-2 g (20”, of 
guasgeed (A), m.p. 215-220") the remainder being recovered as starting material 
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Vor und nach der Messung wurde das Gerit mit Butyrolacton getestet 


ad 
Dichte-Bestimmune { - } ergab sich zu 0-481 


Die Auswertung erfolgte nach Hedestrand.'* Fur die Molrefraktion wurde ein Naherungswert 
von 61°30 verwendet, dem Bindungsrefraktionen von Vogel und Mitarbeiter’ zu Grunde gelegt 
wurden 


Daraus ergibt sich: « 0-02 D 


“4 G. Hedestrand, 7. P/ 
% A.J. Vogel, W. T. ¢ 
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Abstract—The react ‘ } nd -dicarbony! 


co pound uve 


IN a recent publication’ we disct i Ve aspect ve chemistry of furan tetra- 
carboxylic acid (1 ind r the preparation of F.T.C.A 


by the hydro of its tetra latte may be obtained 


in very sa ctory Vv tl lehvdratior ie tet ter. variously described as 


11,2 11.2 and IV.4 Further structur ind ave been suggested as reasonable 


possi bilitic 


The tetrac vhi vives no ferric res vy be conveniently prepared* 


by 1¢ if i sO lio-oxaloacet ite in an 


>with ethyl 


with ethyl 


e both possess an enoliz- 
able | oO ¢ WwW ve a rric reacuio he aester (V) shows strong 
absorpt at 35 ngle bridge nded roxyl group, but not of 
an enol. Mor r it is difficu ww III could cyclize to give 1 (R= Et), though 
this reaction h bee! an eed a cent book’ draws special 
attention 

Ethyl bromopyruvat vitl thy! lio-oxaloacetate to give a 
carboxylic is been formulates s Vil or VILL Its formation must 
proceed by a mecha to that which gives V. Structure VIII and not VII 
must however rep! ste hydroly affords furan 2,3,4-tri- 
carboxylic acid ( and } 5-isomer (X). By analogy we assign 
and not IV to the tetraeste and VII are hemiketals which 
with acid would un ing ige \ dicarboxylic acid 
Structure i ilternat ol tetraester, but spectroscopic 


data give! al i bd nat } ra I in he triester) cannot possess 


500 and 1800-1500 cm ranges are given. 
Below 1500 cn a irticularly in the 1350-1000 cm! region the spectra are very 
complex and difficult to distinguish between the C—O stretching absorptions of 


alcohols and esters 
» 7, 299 (1959) 


yer Ch icta 16, 276 (1933) 
Ss. 1160 (1950) 


Chemist Methuen, London (1960) 
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gee 
inert solvent. This is a base catalysed reaction of ethyl bromo-oxaloaceta (dia! a 
oxa et ce we | vn that preformed br y ester will react [a : ae 
H. Sutter, Liebigs Ann. 499, 
°A. P. D ic. DH Lo Chem. 1 
AR. Katritsky and J. M. Lagowski, 


Reactions of some dicarbonyl compounds 


Et0.c 


H 


TABLE |. INFRA-RED MEASUREMENTS WERE MADE IN NUJOL (nN), LIQUID FILM (1) OR 


CHLOROFORM (Cc) 


ompound 


3500, 1776, 1764, 1703, 1670, 1650 
3500, 1764, 1703, 1650 
1766, 1759, 1747, 1728, 1612 


Tetraester (V)(n) 
Triester (VIII)(n) 
Furan tetracarboxylic ester (1; R Me) (n) 
Furan 2,3,4-tricarboxylic ester 
(IX; R Me) (n) 1742, 1595m 1545 
Methyl furan-3-carboxylate (c) 1726, 1703, 1594, 1581, 1506 
trans 1,2-Dimethoxycarbony! ethylene oxide 
(XT) (n)* 
Ethyl /-ethoxyacrylate 
(XI; R R! H: R™ CO,Et) (1) . 1708. 1652. 1632 
Ethyl /-ethoxycrotonate 
R CH,; R' H; R"® CO,Et) (1) 2, 1650 
Ethyl 2,6-dimethyl-2,3-dihydropyran-5- 
carboxylate (XII1) 
Diethyl maleate (1) 
Dimethyl! maleate (1) 
Diethyl fumarate (1) 


®* R. Kuhn and F. Ebel, Ber. Dtsch. Chem. Ges. 58, 919 (1925). 
7 F. E. Bader, Helv. Chim. Acta 3%, 215 (1953) 


E10.C 
RO,C CO,R E10.C E10,C CO.Et 
2 
one E10 Et0.C CO.Et 
IV Vv VI 
CO.Et HO CO.Et RO.C CO.R CO,H 
H 
HO 

H 

vl Vill 1x x 
H CH 
CO.Me Cc 0 

Vmax 
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TABLE 2. ULTRA-VIOLET LIGHT ABSORPTION MEASUREMENTS WERE MADE IN ETHANOI 


Substance 


Tetraester (V) 
Triester (VII) 7 2.20 
Furan tetracarboxylic ester (1; R Me) 4-09 
ester (IX; R Me) 4-05 
?-Dimethoxycarbonyl ethviene 
oxide (XI) mi 2-09 at 2300 A 
Ethyl! 8-ethoxyacrylate (XII; R 
R 
Ethy! §-ethoxycrotonate (X11; R 
R H; R CO,Et) 
Diethyl! ethoxymethylenesuccinate 
(X11; R H; R CO,Et 
R CH,CO,Et) 
Ethvl 2.6-dimethyl-2,3-dihydropyr 
cal cviate 
Ethyl oxak 
Ethyl ace 
Diethy! 


+29 


1-09 


The carbonyl bands at 1776 and 1764 cm~' shown by \ and at 1764 cm~! shown 


by VIII though at unusually high wave numbers are probably due to the unconjugated 
ester groups, although furan tetracarboxvlic ester shows bands at 1766 and 1759 cm“. 


The bands at 1703 are due to conjugated ester groups and similar bands are 
found ; 724 cm in most of the conjugated esters listed. The strong bands at 


1650 cn shown by V and VIII are undoubtedly associated with conjugated C-——-C 


Similar bands are found at 1632-1653 cm nsaturated esters listed in Table 1. 


|.2-Dimethoxvycarbonyl ethylene oxide (X1) which lacks the ethylenic double 


trans 
bond but contains an ide structure similar to that of VI shows no absorption save 


that of the ester § 
The ultra-violet data emph similarity of V and VIII, though it will be 


100 to 200 A higher than the analogous acyclic 


noticed that both absorb 


unsaturated estet athochron t is sumably a function of the ring 
system. and this suggestion finds support in a comparison of the maximum exhibited 


by ethvl 2.6-dimethyl-2.3-dihydropyran-5-carboxylate (XIII) and its acyclic analogue 


ethyl §-ethoxycrotonate (XII; R H: R CO,Et). The intensity of 


the maximum absorption ol in that exhibited by the esters 


bearing the group RO,( C(R) C(RJOR and 1! greater by an ordet of 


magnitude than t n tv shown by diethyl maleate which lacks the vinyl ether 


function. The spectrun trans |,.2-dime a iiethvlene oxide (XI) shows 


that the ethylene pI nt in VI) does not behave like an «./-unsaturated 


ester or a cyclopropane ring conjugated with an ester group 


The nuclear magnetic resonance spectrum of V also supports its structure. It 


shows a peak at 4-88 p.p.m. due to a single hydrogen - to the ether oxygen and to the 


ester carbonyl. The single hydrogen in IV would be expected to show a peak at 


75 p.p.m. The methylene groups of the ethyl groups give a complex series of bands 


i 
48 
op 
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around 5-69 p.p.m. A peak at 5-99 p.p.m. is due to the hydroxyl hydrogen. The 
combined weight of these peaks corresponds to 9 hydrogens. The complex bands 


around 8-66 p.p.m. are due to the 12 hydrogens of the 4 methyl groups. 


When either V or VIII is refluxed with hydrochloric acid, furan-2,3,4-tricarboxylic 


acid (IX; R; H) is obtained, in the former case admixed with the tetracarboxvlic acid. 


Since furan tetracarboxylic acid, (I; R H), is unaffected by treatment with hydro- 


chloric acid, the decarboxylation of V must occur before the furan ring is formed. 


We believe that the secondary 2-ethoxycarbony! group is the most readily hydrolysed 


of the four, thus giving XIV, but whether the decarboxylation takes place before or 


after hydrolysis of the remaining three ester groups is immaterial. The actual de- 


carboxylation is probably preceded by protonation of the 4-hydroxyl group, followed 


by loss of water, to afford the intermediate XV to which the three canonical forms 
XVa, XVb and XVc contribute. 17 
carbon dioxide to afford furan 2.3.4-tricarboxylic acid (1X). A rather similar mecha- 


le intermediate will readily lose a proton and 


nism has been advanced for the acid c: talysed decarboxylation of cinnamic acids.® 


4 E10.C CO.Et E10.C CO_Et E10.C 
Eto ; 


HO 


0 


IX ;R=Et,H 


Since V is prepared under basic conditions the epimerizable centre at C, will 


adjust itself so that the 2- and 3-ethoxycarbonyl groups become trans with respect to 


each other. The loss of water to give furan tetracarboxylic ester (I; R = Et) when \ 


is treated with concentrated sulphuric acid is thus explained. We have also shown 


that the dehydration can be effected using a mixture of acetic anhvdride and pyridine, 


though dehydration with phosphorus oxychloride and pyridine, or with acetyl 


chloride or thionyl chloride was not possible 


We were unable to reduce the tetraester V by catalytic methods or by the use of 


zinc in ethanol, zinc in acetic acid. or the latte reagent containing silver nitrate.® 


Bromination of V could not be effected but a model of V, using space-filling models, 


shows that the 4- and 5-ester groups are very close together, and that access by 


bromine to the double bond must be very difficult. 


Ozonolysis of V in ethyl acetate afforded a viscous product which gave no ferric 


reaction. The product showed a maximum at 3500 cm~' in the infra-red, but the 


peak at 1650 cm~' (C=C) shown by V had disappeared, and a broad band at 1745 


cm~' (carbonyl) appeared in place of the four carbonyl peaks exhibited by V. The 


ozonolysis product reacted rapidly with ammonia to give one molecule of oxamide 


for molecule of V, and with ethanol it afforded ethyl oxalate. These properties are 


consistent with an ozonolysis product of structure XVI, but attempts to isolate a 


* W. S. Johnson and W. E. Heinz, J. Amer. Chem. Soc. 71, 2913 (1949) 
* P. Bladon, J. Chem. Soc. 2176 (1955) 
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compound of structure XVII from XVI failed. The ozonolysis product of IV would 


give a ferric reaction. 
er0.c © Co 
He He + XCOCO,£! 
E10.C E10.C (X OEt NH.) 


XV) Xvi! 


Diazomethane reacted only very slowly with the tetraester (V), to give a viscous 


liquid which was no longer unsaturated, but it possessed a band at 1540 cm~ in the 


infra-red which can be assigned to an imidazoline C—N or N=N (cf. XVIID). 
We envisage the formation of the tetraester (V) by the reaction sequence shown 


below. CO.Et 0 CcO_Et 


Et 
Cc 


jf 


CH c 


Br 


Whilst in the case of the simple ketones the equilibrium of the first stage of the 
reaction lies to the left" the effect of the bromine atom and the carbethoxy groups 
will be to increase the activity of the carbonyl group. In this connection we should 
mention that all our attempts to condense ethyl «-bromoacetoacetate with ethyl 
sodioacetoacetate failed, even when pyridine was used as a solvent. The difference in 
reactivity between ethyl bromo-oxaloacetate or ethyl bromopyruvate and ethyl 
bromoacetoacetate is readily explained by the greater reactivity of the keto group in 


the first two compounds, flanked as it is by CO,Et and —€ H Br-groups. 


CO.Et 


1° J. Hine, Physical vanic Chemistry 253. McGraw-Hill, New York (1956). 


E10.C Br CO.Et Et0.c CO.Et 
Br O 
HO 
Et0.C j 
i 
Et0.C 
Et0 
CO.Et 
HO Me 0 
10.¢ N CH 
CO.E1 
: xx 
5 0 OH 
Me Me CO.Et Me CO.€t 
. CH c 7 
Me H Me - Me 
j 
Br. CO,€1 CO.E! 
xx 
Me co.Et 
~ Me 
0) CO.Et 
xXx! 
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ethyl sodio- 


Attempts were also made to condense bromodimedone (XIX) with 
oxaloacetate according to the following reaction sequence—XIX — XX — XX], but 


the only product was the tetraester (V) in high yield. 


Bromodimedone must thus act as a brominating agent converting part of the 


ethyl sodio-oxaloacetate to ethyl bromo-oxaloacetate. No reaction occurred when 


sodiodimedone was shaken with ethyl bromo-oxaloacetate or bromodimedone. 


This may be due to steric factors, or, as is more likely, to the stability of the enolate of 


the dimedone. 
When ethyl y-bromoacetoacetate was reacted with ethyl sodio-oxaloacetate, the 


bromo ester condensed with itself, the product being ethyl succinylsuccinate. This 


compound has been prepared by the self-condensation of ethyl y-haloacetoacetates 


in the presence of bases."' Ethyl sodio-oxaloacetate can obviously supply the base. 


EXPERIMENTAI 


Ethyl «-bromo-oxaloacetate was prepared by the method of Conover and Tarbell 


Reaction of ethyl \ H oxaloacetate 


thy] j j tor nel } ! ‘ 
(a) With ethyl sodio-oxaloacetate. Finely powdered ethyl sodio-oxaloacetate (6 g) was added to a 


solution of ethyl «-bromo-oxaloacetate (5 g) in ether (SO cc) and the mixture was shaken for several 
hours and then set aside overnight The mixture was filtered and the ethereal filtrate evaporated to 
dryness. The residue was washed with ice-cold ether giving tetraethyl 2,3-dihydro-3-hydroxyfuran- 
tetracarboxylate (V, 2:1 g; 30°,), m.p. 82-83° undepressed by an authentic specimen 

(b) With pyridine as catalyst. A mixture of ethyl «-bromo-oxaloacetate (5 g) and ethyl oxaloacetate 
(5 g) in ether (10 cc) was treated with freshly distilled and dried pyridine (2 cc), and set aside over- 
night. The mixture was filtered and the ethereal filtrate washed with dil H,SO, and then with water 
The residue on evaporation of the ether was a yellow oil which slowly crystallized giving V. On 
washing with ice-cold ether it was obtained as colourless needles (0-25 g), m.p. 80-83”, undepressed by 


an authentic specimen 


Tetraethyl furantetracarboxylate 1: R Et) 


A mixture of tetraethyl 2,3-dihydro-3-hydroxyfurantetracarboxylate (V) (2 g), acetic anhydride (5 
cc) and pyridine (5 cc) was heated on a water bath for 2 hr. The mixture was poured into ice-water 
(30 cc) and neutralized with sodium carbonate. The solution was extracted with ether, and the ether 
layer washed with N H,SO, and water and dried (Na,SO,). The product was chromatographed on 
neutral alumina (Woelm brand, 30g). Elution with benzene-light petroleum (b.p. 40°-60°) gave 


tetraethyl furantetracarboxylate (1; R Et; 0-4 g), m.p. and mixed m.p 


Reaction of bromodimedone with ethyl sodio-oxaloacetate 
Bromodimedone was prepared as follows 4 stirred mixture of dimedone (10 g) sodium acetate 
(6°3 g) and glacial acetic acid (100 cc) was slowly treated with bromine (4 cc) in glacial acetic acid 


(70 cc) After stirring tora further | hr, water (600 cc) was added and the ageposi ed solid collected 


Som 


and washed free from bromide. After drying in a desiccator it weighed 11-5 g, m.p. 173 174 


Bromodimedone (2 g) was added to a suspension of ethyl sodio-oxaloacetate (3 g) in ether (50 cc) 


and the mixture was shaken for 20 hr. The mixture was filtered and the filtrate freed from ether giving 


a lachrymatory oil from which the tetra ester (V, 1:5 g), m.p. and mixed m.p. 82-83" was deposited 


The lachrymatory oil smelled strongly of ethyl «-bromo-oxaloacetate 


Ozonolysis of the tetraester (V) 


A solution of the tetraester (5 g) in ethyl acetate (100 cc) cooled in solid CO,, was treated with 
The ozonide was then hydrogenated 


ozonized oxygen for 8-5 hr, when it was no longer absorbed. 


11 W. Mewes, Liebigs Ann. 245, 58 (1888); R. Schonbrodt, J/bid. 253, 168 (1889) 
12 LL. H. Conover and D. S. Tarbell, J. Amer. Chem. Soc. 72, 5221 (1950). 
18 T. Voitila, Chem. Abstr. 33, 7742 (1939). 
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o 15 cc with ethanol. (A). This 
siderable heat was evolved 

1. (B). Anhydrous 

solution was then 


wrotorm, washed 


\ 
: 
§2 
over pa ladized charcoal riving a viscous quid which was dilt ed 
solulio 2? cc) was treated wv in EXCESS OF al ona () cx Usa 
and a SO \ < iron VTC OX uc 
refluxed for 0-5 hi the ed. The residue was dissolved in 
severa cs with wate red and dis cd \ ctnvi ON ite (0-75 ISS : 
The te estc ‘ ive ind excess of diazomethane 
lor ck ihe product w whict we xin t 1650 cm but a new 
maxX il 1540 cr 
cx ‘ AC for 201 th excess ethyl 
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A MECHANISM FOR THE FORMATION OF 9:10 AND 10:11 
THIOPEGAN DERIVATIVES 
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Abstract 


\0-thiopegan derivatives (II], R CH.) gave appreci- 
able amounts of the 10:11-isomer (IV, R CH.) It was further observed that if 
this reaction between the haloketones and the thiourea was st pped after a few 
minutes heating in ethanol, «-thiocyano ketone (V) corre ponding to the «-haloketone 


(1) employed, could be isolated from the reaction mixture while the thiourea (II) was 


found to have retrograded to anthranilic ester (V1) Che authors thus postulated that 


the first reaction product can be VII which could cyclize to the thiopegan derivatives 


both with linear (10:11; IV) or angular (9:10: ILD) annulation Ihe thiourea adduct 


(VII) could also account for the observed forn ition of the «-thiocvanoketones and 


anthranilic ester as shown: the retrogression being 


vi 


facilitated by the presence of COOH or COC IC H. groups. 


The above mechanism was further elaborated by these authors*” in view of a 


' D. S. Bariana. M. S. Dhatt H. S. Sachdev and K. S. Narang. J. Ind. Chen . 32. 848 (1954) 


G. M. Shar 1. S. Guy iK.S.N ng, J. Ind. Chem. S 32, 959 (1955) 
‘H.S.S dev and K. 8S. N Chem. 32, 427 (1955) 
*S. Gurjit, H. S. Sachdev 1K. S. Naras Is Ind. R 16B, 359 (1957) 


S. Sachdev, K. 


HE ment of Chemistry, Panjab University, Chandigarh-3 
(Received 18 March 1961) 
Ad AC cs | cc ced numbDer oO! inter ediates ed case of chlor 
NARANG ef al. have shown that interaction of «-haloketone (1) with o-carbethoxy- 
7 phenylthiourea (11) in reneral leads to the formation of 9:10-thiopegan derivatives 
. ¥ (Lil). The only exception observed was that of chloroacetone which in addition to 
NH 
ve 
N bd x N 
V 
“ 
N R a 
R 
bs K.S.N g. J. Sci. Ind. Res. 19C, 11 (1960) 
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9-10-thiopegan derivatives (111) could be obtained 


subsequent finding tl 
in the ne facile man: ter: hiocvanoalkary! ketones (corre- 
spond ic acid or este! 


ed the thiourea 


f the thio- 


ation it was 
substitt 
ic adduct 


nvithiourea and 


intermediate adduct (X) which 


products and XIII would 
of the abset boxy or carbethoxy groups 


yns. only one type of product could be isolated 


icture (XIII) has been confirmed through an 


VII as b precursor for the formation of 9:10-thiopegans.* 
t a-thi karylketones which can exist In various 
eraun in two wavs denend- 
tautonn vy. \ \ j oup WW denen 
if tort thiocvano group 1s first 
The f ediate (LX) which will exclu 
SI at t! tier give 
. henyl or 
ted — 
’ 
: 
4 
rise to the thioure dd Vil) which now couk ord both varictics oO! 
é pegans 
Therefore. t urt r und , 1 the of thiopegan forn 
thiourea where the cl eading It the retrog ssion of the intern 
were =! \ icw cf i 
some «z-haloalkarylh een ca I 
— 
not be expected to retr ic because 
on its N-phenyl part. | esc reactions, 
for which 2-anilino-4-arylthiazole s\r [i i 
N 
R=CH.: 
H_HN + CH 6 * 
p.Br.C.H; ; 
ii 
+ 
4 
C.A-N R 
HN C 4 
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Thiopegan derivatives—XXI] 


unambiguous synthetic route involving the interaction of aniline (XIV) with a re- 
quisite 2-bromo-4-arylthiazoles (XV) as shown: 


XIV 
Excellent yields of the thiazole derivatives (XIII) were realized by carrying out 
these condensations in phenol solution in presence of catalytic amounts of hydro- 
bromic acid or hydrochloric acid in contrast to the basic catalysts employed by some 
previous workers who recorded lower yields.' 

However, when «-thiocyanoalkarylketones corresponding to the «-haloalkaryl- 
ketones, employed in the above set of condensations, were reacted with aniline in 
presence of mineral acid catalyst, a different series of thiazole derivatives were obtained 
to which the 2-amino-thiazoline-4-structure (XII) can be assigned with a reasonable 
certainty. The mechanistic trend of the reaction can be depicted as under: 

An alternative reaction course visualizing an initial nucleophilic attack at the C 


NH 


N 


XV! 
of the thiocyano group as shown below, is discounted as that would give rise to the 
thiourea intermediate (X) which should furnish XII as well as XIII but only one 


product (XIII) has been isolated from the cyclization of the thiourea (X). 


In the above reaction if the addition of one H* to V could be assumed to take place 
in the initial stage, it should preferably add to C=O with the formation of XVI and 
if addition of 2H could be presumed leading to the formation of VIII it is evident 
that the electrophilic activity on —€ is stronger than on —S—C NH; presence 


OH 
of sulphur with unshared electrons possibly reduces the electrophilicity of carbon in 
S—Ct—NH. 

In none of these reactions the formation of two products could be detected. The 
2-imino-thiazolines-4 (XII) and 1-anilino-4-arylthiazoles (XII1) could be regarded as 
prototypes of 9:10-(II1) and 10:11-(IV) thiopegans respectively. The foregoing 
observations suggest that the reaction between o-carbethoxyphenylthiourea (I]) and 
a-haloalkarylketones (1) is equivalent to that between an «-thiocyanoalkarylketone 
and anthranilic ester and apparently in the former case the intermediate adduct (VII) 
undergoes complete retrogression to the products of the latter reaction, which then 


I. A. Kaye and C. L. Parris, J. Amer. Chem. Soc. 74, 6921 (1952) 
‘J. N. Ashley and J. F. Grove, J. Amer. Chem. Soc. 67, 768 (1945) 
Eldertield, Heterocyclic Compounds Vol. V, p. 610. John Wiley, New York (1957) 
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interact in a manner similar to that of the reaction between aniline and «-thiocyano- 
ketones. An imino-thiazoline-4-derivative (XIX) would be expected to be the pre- 
cursor of the 9:10-thiopegans (III) as indicated (first few steps similar to these in 


structures (XVI-XVIII) have been omitted) 


he formation of linear thiopegans, 

s of the type X while the angular 
type XVII 

eneralization in the case of 

iocvanoethyl- 

corresponding 

absence of protonic 

ic catalysts. The 

hvithiazole’’ has been 

the reaction between 


the thiocyanoacetone and z- 


aliphatic 


already 


XXII which XXI acquires by taking two H”*, it 


is the NH. which reacts with the amino group while the C of the carbonyl 


is lacking the requisite ve charge to undergo such reaction 
hetween thiocvanoacetone and various anthra- 


ren, reviving the reactions | 
nilic acids, it was possible in the case 


purify the intermediate (XXIII), which furnishes 9 10-thiopegan (XXIV) on dry 
heating and 10:11-thiopegan (XXV) on refluxing in alcohol. 


of 6-methylanthranilic acid, to isolate and 


*W. Traube, Ber. Di Chem 7 3156 (1899) 
A. Mathes, J. Ann , 1719 (1952) 


re the foregoing it ce d be concluded tl in 
t} n irso ] y Dc iT i deri il 
‘ 
thiopegans are intermediates ol t 
} 
aliphatic -thiocyanoxnetones Both the 
2-iminothiazolines, whe eacted with aniline int 
rea nis, the reaction Is oweve siow in the a i i 
identity ol 4. et vithiazole and Z-anill 
niline and corresponding 2-chlorothiazoles. Since 
H. NH 
AA 
} hyl yn! ?-anilinothiazoles,. it indicates that 
cVal etone partly ac e structure XXI in addition t 1Ose 
. = iN H 
R H 
YY 
¥ x) 
lent tl n th t ictul 


rhiopegan derivatives 


CH 


H#,.C—C 


XXV XXIII XXIV 


rhe intermediate (XXIII) is assigned the thioureanium salt structure on the basis 


of its elemental analysis and its flexibility to cyclize in either fashion under two 


different sets of conditions. 


Further work on various aspects of the mechanism of the reactions involved and 


the peculiar behaviour of the aliphatic and aromatic thiocyano ketone is in hand. 


EXPERIMENTAI 


C ondensation of plr rea wilh omoacetophenone 


es (X11) ent quantities of the requisite w-bromo- 

acelop enone and pl envit urea, in m I I imount of absolute ethanol were refluxed 

for 4-5 hr on a water bat! i separation of hite solid. The solvent was removed under red. 

: press. and the residue b ed wit dium hydroxide, washed with water and crystallized from a 


Direct synthe f 2-ar t-aryl ft oles (X11 2-Bromo-4-arylthiazoles were obtained from 
the corresp nding thiocvanoketon OY treat ent ary ydrobromic icid vas 

Equivalent amounts of the reg e 2-bromo-4-arylthiazoles and aniline hydrobromide were 
taken | | enol (2 mi per Jramme ot | reactant) and heated tn an oil bath at 130—140° for about 6—7 
hr. After this the reaction mixture was cooled and basified with sodium hydroxide to remove phenol 
ind « with water The solid product was crys illized from a suit ble solvent (Table 1) The 
dentity of these products was confirmed by mixed n p. determination with the corresponding 


on of m-thiocyano Clopnenones wilh an hydrobromide 


Synthesis of 2-imino-3-phenyl-4-substituted phenylthiazoles (XN) Equimolecular amounts of the 
requisite thiocyanoacetophenone and a! e hydrobromide were dissolved in a minimum amount 
of dry ethanol and the . heated under ref for 5—6 hr h separation of a white solid. The 
solve vas removed by distillation on a water bath and the residue basified with sodium hydroxide. 
washec th water a if (Table 2) 


l-4-bron ophenyl-thiazoline-4, their 
hydrobromides were also isolated which were analvse fter crystallization from glacial acetic acid 


(Table I) 
R H (XX). A sol of aniline hydrochloride (1:3 g; 1-0 mole) in absolute alcohol (15 ml) 


was added to t c acetone (1:2 ¢ 1-O mole ike I the same soivent After keeping the 


mixture room temp. for 20 hr it was basified with sodium hydroxide solution. The product was 


rystallized from ethanol, m.p. 117 ield O-8 g ( | ind f as 2-anilino 4-methyl- 


CH, (XX) 


hydrochloride (1-3 g; 1 mole) and phenol (7 ml). The mixture was heated at 130-140° for 2 hr, 


cooled, basified with 2 sodium hydroxide and the resid 


2-Chlioro-4:5-¢ 


imethy! thiazole'® (1-5 g; 1-0mole) was mixed with aniline 


ual solid crystallized from dil. ethanol. 


m.p. 105°, yield 1-5 g. It was identical with the product obtained by Mathes'® by the interaction of 


x-thiocyanoethylmethylketone and aniline hydrochloride 


" D—D. S. Bariana, H. S. Sachdev and K. S. Narang, J. Ind. Chem. Soc. 32, 427 (1955). 
'* N. K. Ralhan, K. Gurmit, H. S. Sachdev and K. S. Narang, In press 
K. Ganpathi and A. Venkataraman, Proc. Ind. Acad. Sci. 32, 374 (1945). 
' H.S. Sachdev, N. K. Ralhan, M.S. Atwal, H. S. Garg and K.S Narang, J. Sci. Ind. Res. 19B, 217 (1960). 


re, 
Xx! 57 
CH, = CH 
; 
Cc COOH C 
N C——CH CO-—CH N 
S 
H 
CH 
Interaction of 2-bromo-4-arylthiazoles with aniline hydrobromide 

pre 
thiazole 


OOT-OR) 


ponbay puno4 


~ 
8 
2 
=z 
< 
- 


G 


pomnbay puno4 
sisAjeuy 


: 
: 
58 
| 
Z Z VEZ Z ~=iZ Z = 
on = t S > 
Zz Z Z Z 5 
| 
a a 4 ~ ~ ~ ~ 
= 
: : < 
= = t < = < > 
“a 
on x) = - = = = = = . <= 
4 
: : £ = = 
- 
Z 
= ) 
= = » & : 
| 
7 
8:32 4 ~ Z - 
S 
ke : 
= 


Thiopegan derivatives—XX1 59 


(b) A mixture of «-thiocyanoethylmethylketone (1-3 g) and aniline (0-9 g) in absolute ethanol 
(25 ml) after refluxing for 8 hr furnished 0-8 g of XX (R CH;) 


Isolation of XXII1. Thiocyanoacetone (0-57 ¢g; 1-0 mole) take absolute ethanol (5 ml) was 


added to a solution of 6-methylanthranilic acid hydrochloride (0-9 g, 1-0 mole) in the same solvent 


(15 ml). In about 10 min at room temp. fine needles separated 


Ihe product was collected and 
repeatedly washed with absolute ethanol, yield 0-75 g. This product first melts at 187°, solidifies and 
again melts at 247°. It 


ysti prepared from very pure raw materials 
was analysed. (Found 49-4¢ , 4:4 9-25 11-7 


4 C,,H,,O,N,SCI requires: 
C, 49-60; H, 4°96 


A mixture 
(0-75 1-0 mole) 


180 


-methylanthanilic acid 


re of whicl as raised to 

hydroxide 
soluti from etha as white needles 
m P 


alcoho 


R ( 
1 compoul 
is ident 
190° for 
N, 12-20; 


4 
Cy requires: S, 13-91; N, 12:20"). 
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APPLICATION OF THE BRUCKNER METHOD TO THE 
SYNTHESIS OF PHENANTHRIDINES—IV! 


STRUCTURE OF THE SO-CALLED NITROSITES FROM THE ADDITION 
OF DINITROGEN TRIOXIDE TO 1-ARYLCYCLOHEXENES 


R. GOVINDACHARI, K. NAGARAJAN and V. N. SUNDARARAJAN 
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secondary nitroso compound to the oxime. The compound indeed contained one 
active hydrogen and its I.R. spectrum showed, in addition to the bands at 1344 and 
1508 cm~ characteristic of the nitro group, a band at 3226 cm~' indicative of the 
presence of a hydroxyl group. The compound was shown to be an oxime by acid 
hydrolysis to a crystalline ketone, m.p. 109-110° from which it could be regenerated 
in quantitative yield by treatment with hydroxylamine in pyridine solution. The 
ketone was further characterized as its semicarbazone and 2,4-dinitrophenylhydrazone. 
However the I.R. spectrum of the ketone (1,._,, 1685, ¥,._,.. 1645 cm~") and the U.V. 
spectrum of its 2,4-dinitrophenylhydrazone (/ 380 mu)* were consistent with an 
z,p-unsaturated cyclohexanone structure, rather than with the saturated cyclohexa- 
none corresponding to IV. Results of repeated, careful analysis of the ketone, its 
oxime and other derivatives were in definite agreement with the molecular formula of 
C,2H,, NO; for the ketone and C,,H,.N,O, for the oxime, supporting the presence of 
a double bond, inferred from spectral evidence. The N.M.R. spectrum of the ketone® 
showed the double bond to be tetrasubstituted. since peaks were observed only in 
the phenyl and ring methylene regions with an intensity ratio of 5:6. The peaks due 
to the methylene groups were resolved into three groups of equal area and the line 
positions of two of these groups were in the allylic region 

Reduction of the ketone with sodium borohydride afforded a mixture of products 


from which a small amount of a neutral crystalline alcohol. € »H,, NO. was obtained 


Reduction of both the carbonvy] group and the double bond must have taken pl ce.” 
Lithium aluminium hydride reduction yielded a mixture of oily amines separated by 
fractional crystallization of the hydrochlorides. Two isomeric crystalline hvdro- 
chlorides, C,.H,.CINO, m.p. 327—330° (decor p) and m.p. 241° respectively, were 
thus obtained and both were found to be resistant to cleavage by sodium n etaperio- 
date, indicating the absence of a vicinal 1,2-aminoalcohol system. The evidence cited 


so far would be consistent only with structure VII for ne al no aiconols.’ thus 


leading to structures VI and V for the ketone and the ‘yellow solid’ oxime. respectively 


| | 
NOH 0 
NH NH 
C,H, VII 
NO NO 
‘7 
" k have 
N_VLR 
‘of D. H.R.B P. deMay M.S ! Chem. 
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ire ?-nitro-1-phenyicyclohexene® (5 g) and amy! 


(b) From 2-nitr vel exen 
of sodium (1 


nitrite (5 @) in dry methanol (25 ml) was treated with a solutio 


in 


§ ¢) in methanol (20 ml) 


The reaction mixture was left overnight at room temp and then poured into excess water The solution 
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( 62:1 5-2 N. 12°] act e H, O45 The acetate as maac quant itive vield by the 
eae action of acetic annhyaride Pp e at 100° for 1 hr and was obtained by crystallization fron 
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was cooled and repeatedly extracted with ether. The aqueous alkaline layer was then cooled well and 


made acidic with HCI, when a yellow solid (3 2) was precipitated. Crystallization of this material from 


methanol yielded needles of the oxime (1-1 g), m.p. and mixed m.p. 227° (decomp) 


3-Nitro-2-phenyl-2-cyclohexenone 


4 suspension of the oxime (2 g) in 4 N H,SO,, (40 ml) and dioxane (20 ml) was refluxed for 2 hr 


The solid dissolved gradually and an oily layer separated. The mixture was poured into ice-water and 


the prec P tate filtered and washed with water This was dissolved in bx ing metnat ol (100 mil), » 
decolourized with animal charcoal and filtered. The filtrate was concentrated to 20 ml, treated with 
water to turbidity and cooled The precipitate was f tered and washed with benzene to leave a little 
(ca. 0-1 ¢) of the original oxime, m p 220-225 The benzene filtrate was evaporated t give the ketone 
VI (1 g), m.p. 105-106", which on a second crystallization from methanol, formed glistening yellow 


plates, m.p. 109-110° (Found: C, 66-3, 66-4; H, 5:1, 5-0; N, 63,64. C,,.H,,NO, requires: C, 66-4; 


H, 5-1: N.6@5°:). The ketone (0-1 ¢) and hydroxylamine hydr« 


chloride (0-1 g) in alcohol (1 ml) and 


pyridine (1 ml) heated at 100° for 1-5 hr, afforded, after crystallization from alcohol, yellow needles of 
the oxime (0-1 g), m.p. and mixed m.p. with V, 226-227" (decomp). The semicarbazone made by the 
sodium acetate procedure, on crystallization fron aqucous alicon |, formed golden yellow needles, 
207-208" (decomp) (Found: C, 56°7; H, 4:7. C,,H,,4N,O, requires: C, 56°9; H, 5-1%). The 
2,4-dinitrophenylhydrazone was obtained as orange plates (from benzene-alcohol), m.p. 202-203 
Amax 380 my (log ¢ 4-45) (Found: C, 54:1, H, 3-5. C,sH,;N,O, requires: C, 54-4; H, 3-8%) 


Sodium borohydride reduction of ketone V\ 


with sodium borohydride 


4 solution of 


40-60 ) soluble fractior t product gave crys 20 mg) which were recrystallized from the 


same solvent to give the nifroa hol,m.p. 110°, with ftening above 103°, depressed by ad mixture 


with the ketone VI (Found f 65:1 H, 6 ( H,.NO requires C, 65-2 H, 6°8 ) 


Lithium aluminium hydride reduction of the ketone V1 


4 solution of the ketone (2 ¢) in tetrahydrofuran (10 ml) and ether (50 ml) was added during the 
course of | hr, to lithium alumi im hydride 3g) ether (50 ml) The mixture Vas stirred Io! 8 hr, 
leit over *ht and decomposed tn water The ether laver was decanted a € udge extracted 
repeate | th chioroto } 150 ml) The combined extracts were evaporated and the residue 
taken up ether (100 ml) and extracted with 2 N H,SO, (50 n Ihe aqueous layer was separated 
ind i Olly D (1°35 2) oD ed Irom it DY Dasification was converted to the hydrochloride 
Fractional crystal ation from alcohol-ether aflorded a he less soluble fractior a crop ol crystals 
(70 mg), which on recryst ition vielded the hydrochloride of one isomer of 3-amino-2-phenyl- 
cyclohexanol, m.p 327-330 lecomp) (Found: C, 63:8 H, 7-9; N, 60. C,,H,,CINO requires 
C, 63:3: H, 7-9; N, 61°). The more soluble fraction was obtained from the mother liquors as 
stout crystals (0-8 g), m.p. 237-239 Recrystal tion from alcohol-ether gave an isomeric Aydro 


chloride 241° (Found H, 8-0 


ketal of 3-nitro-2-phenyl-2-cycl 


Ethylene 


A mixture of the ketone VI (1 g) and p-toluenesulphonic acid (50 mg) in benzene (50 ml) containing 


ethviene *lycol (4 ml) was r ] ixed for I soriventis were re oved i/ acuo and the 


pinether. The ether layer was washed with sodium bicarbonate solution and then with 


residue taken u 


water. The product obtained from the 


40-60") to afford the ketal (0-8 g), m.p. 84° (Found: C, 64-1; H, 5-6. ¢ 4H,,NO, requires: C, 64-4; 


H, 5-8") 


1 ether layer was crystallized from ether—pet ether (b.p 


Ethylene ketal of 3-amino-2-phenylcyclohexanon 


A solution of the ketal (0-5 g) in ether was added during the course of } hr to lithium aluminium 


hydride (1 g) in ether (50 ml). After being left overnight, the mixture was decomposed with water and 


the basic product, obtained from the ether layer, was purified by one passage through dil HCI. The 
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5 g), pale brown needles (from alcohol), m.p. 161 (Found: ¢ 


). further characterized as the acetate, 


§9-2: H, 56. C,,H,.N,O 
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he steam bath for 2 hr 
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itrophenylhydrazone, 


vielded as the alkali soluble 
, 59-4; H, 5-7 
colourless needles 


requires: C, 59-2; H, 5-3%). 


i ch was recrystallized to 
Sony by dilution wit ore et 
7°4°-) 
Hydrolysis of the aminoketal 
<olution of the crude aminoketal (1 ml) was heated on 
oo water, aqueous sodium bicarb e and again water. Re val of solvent from 7 ; 
m.p. 98° (Found: C, 83-3; H, ¢ re res: C, 85 H, 7-0°,), identical with an 
ok spec € synthe ¢ by \ s ol $ e obt { by the addition of nitrosyl chloride to 
aes? l-phenylcyclohexene. Id tv was further confirmed by c parison of the oxime, m.p. 151° and c 
2.4-dinitrophenylhydrazone, m.p. 165-166 of the ketone wit! thentic samples 
Treatment? of 1-(o-tolyl)cyclohexene (10 g) with dinitrogen trioxide gave 
fraction, the ? which formed yellow needles (fro cohol), m.p. 210° 
C, 63-1; H, 5-9. re C, 63-4; H, 5°7 further characterized 
ve w needles (from aqueous me ol), m.p. 99° (Foun C, 62 H, 5 ( uires: 
C, 62:5: H, 
< : Hvdrolvsis of the oxime (1 g) with 4N H.SO, (20 ml) tn dioxane 3-nitro-2- 
(o-tolyl)-2-cyclohe pale prisms p. 119-121 (Fou H,,NO 
requires ( 67-5 H, 4 2.4 fropiie azon benzene 
alcohol). m.p. 217° with s e above 209 380 mu (log 2H, 
4-2. C,,H,-N.O, requires: C, 55-5; H, 
(10 by treatment with d ogen trioxide? gave the oxime 
crystallized trom alc ) pale ve needles. m.p. 195-197° (Found: C, 63-1; 1 
an acetate, m.p. 117° (I C, 62-6; H 
ee Acid hydro s of the oxime (1 g) as before gave 3-nitro-2-(m-toly/)-2-cyclohex ; 
; oil which solidifie fter be el ernight the ice-chest. Recryst ed from a 
it forn pale yellow needle p. 82-83° (Found: C, 67-4; H, 5-3 The 2,4 
383 mu (log 4-40) (Found: C, 55-3; H, 41°.) 
3-Nitro-2-(p-tolyl)-2-cyclohexenone oxime 
Reaction of | tolvDcvclohexene (10 trioxide gave the oxim (1:5 ¢) which 
: was recrystallized fro coho ellow needles, m.p. 228° (decon p) (Found J 
formu an acetate, Colouriess necdies (from aqueous methanol), m 79-81 
§-7°-) 
Sulphuric acid hydrolysis of the oxin -(p-rol yl)-2-¢ 
p. 98-100 (I nd ng a 2,4-dir 
C, 55-9; H, 41%). 
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The above oxime (0-8 g), hydrolysed by hot sulphuric acid afforded 3-nitro-2-(m-anisyl)-2-cyclo- 
hexenone (0-4 g) as an oil which solidified after being left in the ice-chest. Recrystallized from ben- 
zene-pet ether (b.p. 40-60°) it formed yellow needles m.p. 67-69° (Found: C, 63-3; H, 4-9. 
C,3H,3NO, requires: C, 63:2; H, 5-3%). The 2,4-dinitrophenylhydrazone crystallized from benzene 
alcohol as orange-red plates, m.p. 163-164°, Amax 380 mu (log ¢ 4-54) (Found: C, 53-7; H, 3-6. 
C,,H,;N,O, requires: C, 53-4; H, 40%). 


Nitroacetone 2,4-dinitrophenlyhydrazone 


The hydrazone was made from nitroacetone!! and was recrystallized from alcohol in glistening 
yellow plates, m.p. 137-139° (Found: C, 38-2; H, 2-9. C,H,N,O, requires: C, 38:2; H, 3:2%). 
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THE STRUCTURE OF MELANIN IN SEPIA 
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may be applied to the formation of the pigment in vivo. 


It should, therefore, be 
considered as a polymer of 5,6-indolquinone: 


Tyrosine > Dopa Dopaquinone 


5,6-indolquinone Dopachrome 


was never seriously faced, and only 
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obtained according to the first method of purification was entirely free from ashes and 


on analysis corresponded with a polymer of Type I or better, Type Il.” 


(C.H,O.N), -C,H,O,N-COOH }, 
| 


(C.H.O.N), —C,H,O,N-COOH- }, 


gave a less 
Analysis of this 
I Type 


has been proved by the following 


with methyl alcohol in the presence 


COOH groups deducible from the 
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reactions to proceed to 
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alue of methoxyl found 
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[—C,H,O,N 


hydroxy 


(18-8) wa uch lower han lculated lyn 1 IV (24-4). Probably, by 


reasor never entirely methylated (on 
-volved) and some units of the 


heat ne sik nti arbon dioxide are 


polymer can also react as orthoquinones with diazomethane. This can be demon- 


strated qualitatively by the positive colour test for O—CH,—O group." We 


have also been able to show that diazomethane reacts slightly with nitrogen; in fact, 


These bution of the two types of units in the 


poly er 


Indirect u h ' proof of the existence n the melanin of Sepia 
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IV 
The second method of purification performed at room 
pure subpstance but ine langer Of Was 
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observations 
(a) the carboxyl groups could be titrated with alkali 
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Moreover. quantitatively, the number of the 
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E ry | 
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on oxidation of the methylated pigment with KMnO,, monomethylamine is obtained. 


This is not formed from melanin under similar conditions. 


The most important compounds isolated or identified from the products of 
oxidation with H,O, or KMnO, are, as is known, pyrrolic acids V, VI and VII: 


HOOC 


rer 


HOOC 


Pyrrolic acids V and VI have been isolated, but pyrrolic acid VII has only been 


identified by paper chromatography The yields of these acids are low: 1-2 per cent 


for pyrrolic acid VI and less than 0-05 per cent for the other two. However. as we 


Shall see, these acids have a certain significance for structural investigation. 


The behaviour of methylated melanin on oxidation is different because the pyrrolic 


acids V, VI and VII dis ippear almost completely from the degradation products. 


This is easily shown by chromatography. When chromatograms are sprayed with 


DZA the pyrrolic acids are recognizable as intense red spots. In the case of methylated 


melanin, however, a yellow spot is visible, with an R, near that of pyrrolic acid VI. 


But if the degradation products are hydrolysed with NaOH and chromatographed, 


this yellow spot disappears and a spot identifiable with pyrrolic acid VI appears 


instead. Considering the R, value of the yellow spot and the colour which is character- 


istic of esterified Pyrrolic acids in the 4-position, one must presume that such a spot 


Since it 1s very probable that the carboxyl groups in position 4 and 5 are derived from 


the destroyed benzenoid portion of the pigment, one has to conclude that the ester in 


question is 2-carbomethoxy-4,5 dicarboxypyrrol (VIIl). This indicates that pyrrolic 


acid VI is derivated essentially from the carboxylated units of the pigment. This was 


confirmed by comparing chromatographically the oxidation products of sepio- 
melanin before and after heating at 140°—150°. Melanin purified at low temperature 


vielded traces of 2? 3-pyrroledicarboxylic acid V and 2,3,4,5-pyrroletetracarboxylic 


acid VII, and large quantities of 


3,5-pyrroletricarboxylic acid VI. With melanin 


heated at 140°-150° the amount of pyrrolic acid VI clearly decreased, whereas pyrrolic 


lear that pyrrolic 


acid V was found in relatively large quantities. This also makes it c 


acid VI derives from carboxylated units of the pigment and pyrrolic acid V from 


decarboxylated units 


These results are easily interpreted if one partially accepts Raper’s mechanism of 


melanin formation. However. the higher hydrogen content than that calculated for a 


»olymer of formula (C,H,O.,N), and the presence of a large number of carboxylic 
| x : 


groups in sepiomelanin lead one to think that polymerization occurs with the par- 


ticipation of a compound carrying a —-COOH group. The possible monomers are 


OOH HOOC COOH 
late 
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| 
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CH CH 


NH 


As a control, a sample of tyrosine was methylated with diazomethane and oxidized 
with KMnO,: the presence of trimethylamine among the volatile degradation 
products is clear from the graph (Fig. 4). 

The presence ol dopaquinone units in the polymer being, therefore excluded, one 
must conclude that dopachrome plays an important part in the biological formation 


of sepiomelanin. 


; 
CH,NH, 
| 
| } 
J 
40 9 6 7 4 5 2 
I 
chains of the type CH,—CH—COOH had been present, trimethylamine [all 
NH 
Red according to the following scheme 
CH 
CH.N O 
COOH CH, -CH--COO >» N—CH 
= N CH 
CH CH 
CH 
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All the results so far obtained can be explained by the presence of units of the 
following types: 


I xx 


Units such as XII. XIII, XIV, may account for the presence of 2,3,5-pyrroletri- 
carboxvlic acid VI and 2-carbomethoxy-4,5-dicarboxypyrrole (VII1) among the 
oxidation products of sepiomelanin and sepiomelanin methyl ether respectively. 
2,3-Pyrroledicarboxylic acid V may arise from units of the Type XV, XVI and XVIII. 

The possible existence of cross-linking between different chains is depicted in 
XVII. This structure is supported by the presence of the 2,3,4,5-pyrroletetracat boxylic 
acid VII in the oxidation mixture.” 

Finally units XIX and XX, although there is no proof, may not be excluded a 
priori in sepiomelanin, considering the high reactivity of the position 3 in 5,6-dioxy- 
indole derivatives."* Although these results seem significant, we think further work 
is necessary and expect further indications on the structure of sepiomelanin from 
work now In progress. 

EXPERIMENTAI 
Hot purification of sepiome lanin 


lanin used were obtained by a method described in a previous paper The 


The samples of me 
pigment was in the form of a black powder wh ch was infusible, hygroscopic, insoluble in all solvents 
and contained small quantities of chlorine and traces of sulphur. It was dried in a vacuum over P.O, 
at 110° for 17 | rt _ 63-3: H. 2-4: O, 23-8: N, 88; Cl, 2:2; S, 0:3-0-4. Subtracting 
Ci: C, 6&7; N, 9-0. requires C, 63-9: 
H, 2-1: 0, 25-0; N, 91 {—(C,.H,O.N),—C,H,O,N-COOH—} requires C, 63°2; H, 3:2; O, 
24:7: N.9-0°). No ashes were left on calcination. Melanin samples are very difficult to burn 


Differences of 1-2°, were observed in various analyses of the same sample 


* According to 


M.M 


Rangier. C. R. Acad. Sci., Paris 249, 1954 (1959) the fundamental unit of natural 


melanins idrenochron Unfortunately, the paper is so erroneus that it cannot be considered 


14. J. Bu’Lock and J. Harley-Mason, J. Chem. Soc. 703, 2248 (1951); R 1. T. Cromartie and J. Harley-Mason, 
Ibid. 3525 (1953); Idem., Biochem. J. 66, 713 (1957) 
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Cold purification of sepiomelanin 

An ink sac was taken from an urethan-anesthetized cuttlefish, cut open and emptied. The liquid 
obtained, which was slightly alkaline, was dialysed against distilled water until the reaction for Cl 
was negative. The dialysed fluid, after evaporation in a vacuum, left 71 mg of residue. 

rhe content of the dialysis tube, plus 50 cc 1° HCl, was centrifuged. The black precipitate was 
washed by centrifuging 5 times with 1° HCI (20 cc each time) 

The combined supernatants gave 10-2 mg residue after evaporation and calcination Analysis of 
the residue by flame spectrophotometry showed it to consist of magnesium and calcium chlorides in a 
molecular ratio of 1:1-76 

rhe pigment was then suspended in 15 cc conc HCI and left at room temp for 15 days. It was then 
centrifuged, washed 10 times with 1 °, HCI (20 cc each time) and twice with distilled water: 24 mg of 
residue were obtained from the washings 

After drying over P,O, in a vacuum at room temp for 48 hr, the purified pigment weighed 140 mg. 
Analysis showed a chlorine content of about 3 only partially removable by dialysis, traces of 
sulphur and negligible quantities of ashes, but the pigment was considered sufficiently pure for 


investigation. Boiling for 24 hr with conc HCl removed small quantities (2-4°.) of colourless 


material mostly consisting of aminoacid hydrochlorides and traces of inorganic substances. (Found: 
C, 59-9; H, 3-4; O, 26:3; N, 8-2: Cl, 3:2: S, 0:3-0-4. Subtracting Cl: C, 60-9: H. 3-4: O. 27-1: 
N, 8:5. [—C,H,O,N—C,H,O,N-COOH—]x requires: C, 61-1; H, 1-8; O, 28-7: N, 84% 
[—C,H,O, N—C,H,O,N-COOH— ]x requires: C, 60-9; H, 3-0; O, 28-4; N, 8-3°4). No ashes were 


left on calcination. Drying the samples of melanin in a vacuum at higher temp (80° and 110°) does 


not alter the pigment 


Vethyl ester 


100 mg of finely ground melanin were suspended at room temp in 2:5 cc anhydrous methanol. 
saturated with dry hydrogen chloride. After 24 hr the solid was centrifuged, washed with anhydrous 
methanol, dried in air, triturated again and re-esterified 

After repeating 3 times, the reaction was considered ymplete since the amount of methoxyl found 
did not increase. The san ples of esterified melanin were dried to a constant weight in a vacuum at 
room temp. The ester was in the form of a black powder, insoluble in all solvents and containing 


traces of sulphur and small quantities of chlorine. (Found: C, 58-9; H, 3-3; O, 26-0: N, 7-9; 
Cl, 3-9; S 03; OCHs;, 5-7. Subtracting Cl: C, 61:2; H, 3-5; O, 27:1; N, 8-0; OCH, 6-0 
requires: C, 62:1; H, 2:3; O, 27-6; N, 8-0; OCHs, 8-9‘ 

[—C,H,O, N—C,H,O,N-COOCH,—] requires: C, 61-4; H, 3-4; O, 27-3; N, 7-9; OCHs, 8-8%) 
On oxidation with permanganate the ester behaves in a very similar way to sepiomelanin. Pyrrolic 
acids V, VI and VII were always obtained, although the tricarboxylic acid VI diminished. On heating 
under the conditions described later CO, was evolved to the extent of 2-8°% of the weight of pigment 


used 


Methyl « ther 

100 mg of finely ground melanin was treated with an ethereal solution of diazomethane (200 mg 
diazomethane in 2 cc ether) and allowed to stand at room temp. After 24 hr the melanin was centri- 
fuged, washed with ether, ground up again and treated with diazomethane. The process was repeated 
3 times. After washing with ether and anhydrous methanol the pigment was dried for 48 hr at room 
temp over P,O,; in a vacuum. The methyl ether was in the form of an infusible brown powder, 
insoluble in all solvents. On heating to 140°-150°, CO, was evolved to the extent of 1-8 °% by weight 
of the pigment. The —O—CH,—O— group test was positive and performed as follows: 50 mg of 


methylated pigment were suspended in 5 cc conc H,SO, and treated with 0-2 cc of 0-5 alcoholic 
solution of gallic acid. After leaving overnight and then centrifuging the pigment, the liquid was 
coloured emerald green. (Found: C, 64-1; H, 5-5; O, 23-8; N, 7-4; OCHs,, 18-8. [—C,H,O,N 

C,H,O,N-COOCH;—]x requires: C, 63-8; H, 3-2; O, 25-5; N, 7-5; OCHs, 24:7%. [—C,H-;O.N 


C,H,O,N-COOCH;—]x requires: C, 63:1; H, 42; O, 25-3; N, 7-4; OCHs, 244%). 


Determination of carboxyl groups by titration 
570 mg of melanin were placed in a glass column of diameter 8 mm, a N/5 solution of Na.CO, 
By titration with N/5 HCl 


was passed through the column and the first 100 cc were collected 
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(indicator tetrabromophenolphthalein ethyl ester or fluorescein in u.v. light) a neutralization equiva- 
lent of 306 wi determined neoretic: cutralization edt ivalent for |—4 OLN ( H,O.N 
COOH] 38-3). In the lcu the amount of alkali used to neutralize the hydrochloric acid 


in the pigment was allowed 


Thermi 
in cc vaseline Ola 


tot CO 


SamMpic, a valuc 


ht 
(b.p 


d 100mg ol 


KMnoO, until 


menanil 


were each 


is 0-1 cc 

solution containi 

No. 1 paper. Descendit 
vent, was allowed 

nent with DZA the spots were cut out and 

ies of these solutions were read 

om part of the paper sprayed 

irve the quantity of 2,3,5 pyrroletricarboxylic acid VI contained 


t of melanin was found to be 1-4°,, and that of decar- 
nt was determined by the same method Decarboxylated 
id. Carboxylated melanin, however, gave quantities 


tne 


Oxidation by KMnoO, of the fractions soluble i vater and hydrochloric a id 


(a) The residues obtained by evaporatior he dialysate and of the washing of raw melanin with 


HCI resisted oxidation by permanganate under the conditions described and used for melanu 


- 
a 
at 140°—150° (bath temp) for 10 hrinacurrent of nitrogen. the amou evolved was measure 
o by absorb e ga 1 saturates yn of bariur droxide and weighing the barium carbonate hes 
oe formed; 0-4292 g BaCO ) ed { 1-O817 g me d equivalent to 0-0957 g CO 
(8-85 the we ed). S rthec e present 
is 13-0 
The decarboxylated mel vas washed repeated|y light petroleum 40°-70°) and 
fir yw ether the +8 over P,O vac n. (Found: C, 61-1; H, 3-5 
O. 22-0: N, 9-2: 0. Subts ( H. 3-6: O. 22-9: N_9-5. (CCH-O.N)x requires 
— = 
C, 65:3; H, 3-4; O, 21-7; N Decarboxylated me the fort a Diack powdel 
infusidie roscopic il § ents N ipparent difference could be observed 
betwee it ag the origi im 
Determi the iter conte? fn nin 
e After desiccat c wa ) yeroscopic; the rate of water absorption was very rapid at : : 
first, lally decrease: was s noticeable alter \ ivs. In al tmosphere 
Sal iter vap t 20° the antity ol atk rbed after 15 days was 30 of the original 
weignt i mela 
By drying over P,O vacuu e water was tot y removed d the original weight of melanin ‘ : 
was restored. D at ous temperatures temp; 5U 110°) varied only the time required 
1or water remoy 
Compara OX f melanit d de rhoxvla pion mi 
Quantitative mat i f acid 100 mg of 
decarb ile c ere each suspended in 2 cc 2N K.CO, and oxidized with 3°, Ei : 
; the c persisted for 15 
For oxi eguired 12:5 cc. KMnO, and decarboxylated melanin required 12-7cc 
After removal o MnO precipitanio ot Ox cid CaCl the solutions were 
Ss extracted with ether 50 cc 5 portions) After removal of the solvent, Hh 
re: yielded 7:6 mg re e al decarboxylated me n 35 mg These residues 
dissolved distilled i the filt fry ntitative deter 
pyrroletricarboxylic ac i Vi 
solutio and 1d Cu tics 
2,3,5-pyrroletricarboxylic acid VI 
chromatography, u ethanol-3 
ee about 25 cm from the starting poi: 
at their colours eluted 20 cc N/20 N : 
with a Lumetron colorimeter (filte 
with DZA. From the calibr 
i.” in the samples was ¢ ete! ned 
oe The 2,3,5-pyrroletricarboxylic acid conte 
boxviated melanin 0-5 
The 2,3-pyrroledicarboxylic acid V con 
 . melanin gave approximately 0-05 of this 
Bs that fry were not measurable by this method : 
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(b) On permanganate oxidation the fraction removable with cold conc HCl yielded small 
quantities of substances that can be revealed with DZA. Such spots have R, values differing from 


those of 2 3-pyrroledicarboxylic acid V, 2,3,5-pyrroletricarboxylic acid VI and 2,3,4,5-pyrroletetra- 


carboxylic acid VII 


Volatile bases from oxidation of melanin and its methyl ether 


Examination by gas chromatography. Melanin and its methyl ether were oxidized with KMnO, as 
on the li 1 was distilled an ‘lected in N HCI. The 


described above - l oxidati 
hydrochlorides of the volatil vases were obtainec ation ne utions The yield 


from melani vas about 10 the oxidized we 


The hydrochlori les WE 
KOH and the 


composition of the column I | Pin a lit triethanolamine 
rhe carrier ¢: as hydrogen, i flor [4 s per hor The experiment was carried out at 


20°. Results are s 1 in (Fig al melanin yielded only ammonia (Fig. 1), while methylated 


ini yielded ammonia an I iamine if 111) 
By indirect analysis of ydrochlorides ( or Volhard’s determination of Cl-) ammonium 


to be in a 1:1 ratio by weigh 


Meth viation and Oxidation 


Examination of the vol hases f an ethe ution containing 5 ¢ diazomethane 


were added to 100 ce of a real nsion of 1 g tyrosine. Reaction was started with some drops 


walter After leaving I it I wr Wa Val ited iryness; ve residue was dissolved in 


13 cc 2N K,CO, a 


liquid distilled and collected i i Ol yn Was evapora to dryness and hydrochlorides 


vere examined by chromatography as already d bed. The results are shown in (I 


4 
| 
Of the pigment and from methylated melanin 13 %. 
me ee treated with the minimun possible quantity of a saturated lution of : 
1 by eas chromatoevran! no C. Erha’s« Fract The 
* 
chloride and methylamine hydrochloride were found 
with K MnO, of tyrosine 
e 


Tetrahedron, 196! | Pp. 76 to Be Pergamon Press Lid. Printed in Northern Ireland 


CURAMYCIN 


ISOLATION AND CHARACTERIZATION OF SOMI 
HYDROLYSIS PRODUCTS 


OSCAR GALMARINI and VENANCIO DEULOFEI 
& Sons, Are 
Ar 


Abstract 


ains in 
( uracin 


curacin ts 


nich fais to give the 


1C,H,C1,O,, identified as 


mich is responsibi¢c 


The reaction with tetrazolium 


The ester linkage of dichloroisoeverninic acid to the carbohydrate ts very sensitive 


to alkali Ireatment of curacin with aqueous 0°! N sodium hydroxide at 100° for 


room temper: hydrolyzes the esicr and dichloroisoeverninic 


5 min or for 24 hr at 
acid can be obtained in quantitative yield by acidification and extraction with ether 
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The aqueous solution containing the carbohydrate failed to yield any recognizable 
products. 

[his hydrolysis can be followed very easily by U.V.-spectrophotometry, because 
curacin in 0-1 N sodium hydroxide, exhibits in its U.V.-spectrum an intense peak at 
294 my (¢ 7800), which after 24 hr at room temperature has shifted to 300 my (¢ 4700), 


the absorption characteristic of dichloroisoeverninic acid under the same conditions. 
(Amax 300 mu: ¢ 4750) (Fig. 1) 
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Curamycin in 96 per cent ethanol shows / 284 mu (I 9-9) and from this 


figure and the identity of absorption of curacin in the same solvent (Ama. 284 mu. 


7400) (Fig. 2), a molecular weight of about 1360 can be calculated for the antibiotic. 


in fair agreement with that obtained from analytical and degradation data. From the 


U.V. spectra of curamycin and curacin it is evident that the dichloroisoeverninic acid 


Is the only chromophoric group present 


If from curacin, C,,H,,C1,O,, the dichloroisoeverninic acid residue, C,H,( 1,Oz, is 


I Dean, J. C. Roberts d A. Robertson. J. Chem. S 1432 (1954) 
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This carbonyl group can be reduced with sodium borohydride. In the resulting 
dihydrocuracin the ester linkage is more stable than in curacin. It is necessary to boil 
dihydrocuracin with 0-1 N sodium hydroxide for 100 min, to effect complete hydro- 
lysis, whereas 5 min boiling suffices in the case of curacin 

Curacin on acetylation yields a tri-acetyl derivative. Since one of the acetyl groups 
must reside on the phenolic group of the dichloroisoeverninic acid residue, two 
acylatable hydroxyl groups must be present in the carbohydrate compound, One of 
these must be hemiacetalic because triacetylcuracin does not give an immediate 


positive Fehling reaction. This is also in agreement with the fact that curacin and 
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Curamycin 


methyl-curacin, in contradiction to dihydrocuracin and triacetylcuracin, show 


mutarotation. 


Since neither curacin nor dihydrocuracin consume periodic acid under the usual 


conditions of oxidation, it is clear that the two non-phenolic hydroxyls present in 


curacin are not located at vicinal carbon atoms. Furthermore structures in which the 


carbon atom next to the carbonyl contains a free hydroxy! group are excluded by these 


results 


In the solid state curacin see § to Nave al tea tin part an aldehyde Structure as its 
IR-spectrum in potassium bromide shows a band at 1730 cn (ester carbonyl) as 
well as one at 1709 cn that can only be attributed to an aldehydo group 


That the aromatic acid, CgH,Cl,O,, obtained from curacin, was dichloroisoever- 


ts conversion Dy cata! 


ytic reduction, with Raney-Nickel as 


ninic acid followed fron 


catalyst, to isoeverninic acid (I1), which was identified by direct comparison with an 


authentic sample. Dichloroisoeverninic acid could also be obtained by treatment of 


curamycin with alkali 
Alkaline hydrolysis of methyl-curacin and methyl-curamycin furnished dichloro-O- 


dimethylorsellinic acid (III), which could be also prepared by the action of diazo- 


methane on dichloro-isoeverninic acid and 


subsequent saponification 


Dichloroisoeverninic acid has not been found in nature in the free state. A pattern 


of substitution similar to that of dichloroisoeverninic acid is found in one of the 


benzene rings of some natural occurring depsidones, such as the chlorine containing 


compounds from lichens gangaleodine, diploicine® and vicanicin® and in the anti- 


biotics of the nidulin group.’ In both cases, the carboxyl contributes to the formation 


of a depside and the ortho hydroxyl participates in ether formation with a phenyl 


group, instead of with methyl as in isoeverninic acid. 


From these data, a preliminary partial structure for curacin (IV) can be deduced 


It is based in the reasonable hypothesis that the aldehydo group, by enhancing the 


electrophilic activity of the carbonyl of the dichloroisoeverninic acid residue, facilitates 


the hydrolysis of curacin by alkali and that the absence of this group in dihydrocuracin 


2 T. J. Nolan and J. Keane, Pr Roy. Soc. Dublin 22, 199 (1940): V. E. Davison, J. Keane and T. J. Nolan 
Ibid. 23, 143 (1943); T. J. Nolan, J. Algar, E. McCann, W. A. Manahan and N. Nolan, /bid. 24, 
x19 C1 48) 

*S. Neclakantan, T 


R. Seshadri and S. S. Subramanian, Tetrahedron Letters No. 9, 1 (1959) 
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is cause of its greater resistance to hydrolysis. The grouping (C,H,OH) may or may 
not be branched, the only condition being that the two remaining hydroxyls cannot be 
located at neighboring carbon atoms and that the terminal methyl adjoins a carbon 
carrying a hydroxyl group (iodoform test). Hemiacetal formation between the 
carbonyl and one of the hydroxyls as exemplified in \ will explain the mutarrotation. 

It is doubtful that curacin contains a 2-deoxy aldose sugar, because the Dische and 
the xanthydrol reactions are negative, although the possibility that this 1s due to 
constitutional features in the molecule cannot be dismissed. 

When the material remaining in solution after the separation of curacin from the 
hydrolysis of curamycin was subjected to further treatment with 0-1 N hydrochloric 
acid and then to paper chromatography, the presence of three different substances 
which reacted with the usual carbohydrate reagents could be demonstrated. Preparative 
separation of the three components could be effected by chromatography on a cellulose 
column 

The substance first eluted from the column could not be crystallized, either as 
such or in form of derivatives and was set aside for future work. As it gives some 
carbohydrate reactions, it is provisionally designated sugar | The component in the 
following eluate crystallized readily and was found to be the unknown 4-O-methyl-p- 
fucose (VII) named by us D-curacose 

The sugar eluted with the last fractions was only obtained as a syrup. It was 


identified as L-lyxose (VI) by the observation that it gave an osazone m.p 163 


identical with L-xvlosazone. which when mixed with D-xylosazone melted at 205°, the 


m.p. reported for DL-xylosazone The p-bromophenylhydrazone had the same m.p. 
and rotation, except for the opposite sign, as the derivative from D-lyxose. The 
behavior of the sugar on ionophoresis was identical to that of p-lyxose and different 
from the other pentoses 

This is the first time that L-lyxose (V1) has beet found in a natural product, al- 
though other sugars configurationally analogous to it have been isolated from certain 
antibiotics. Streptose, oxystreptose and novobiose have three asymmetric carbon 


atoms corresponding sterically to the three central carbon atoms of L-lyxose. 
CHO CHO 
HCOH HCOH 
HCOH HOCH CHO 
HOCH CH,OCH CH,OCH 
CH,OH HCOH HCOH 


CH CH 
vi Vil Vill 


lhe sugar C;H,,O, having intermediate mobility contained one C-methyl and one 
methoxy group. When it was treated with hydrobromic acid according to Hough 
et al.“ and the reaction products were submitted to paper chromatography, a faint 
spot with an R, identical to that of L-fucose was observed. When larger amounts of 
curacose became available a fully methylated derivative could be prepared. This 
crystalline compound was found identical, except for the sign of rotation, with 
x-methyl-2,3,4-O-trimethyl-L-fucoside, prepared from L-fucose in the same manner. 


‘L. Hough, J. K. N. Jones and W. H. Wadman, J. Chem. Soc. 1702 (1950) 


| 
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This confirmed that D-curacose was an O-methyl-p-fucose. The known 2- and 
3-O-methyl ethers of D- and L-fucose differ from curacose in their m.p.s and rotation 
(Table 1) and behavior on paper chromatography. pD-Curacose is not 5-O-methyl- 
D-fucose, because the methylated methyl glycoside prepared from it has a pyranose 
structure, and it follows that it must be 4-O-methyl-p-fucose (VII). 

Another methyl ether of D-fucose found in nature is the well known digitalose 
(3-O-methyl-p-fucose), but the 4-methyl-ether has never been isolated before. It is 
interesting also to note that the methylation of the 4-hydroxyl group could not be 
effected by Gardiner and Percival’ by incomplete methylation of methyl-«-L-fuco- 
pyranoside. 

When curacose is oxidized with an excess of sodium periodate at pH 3-6, the con- 
sumption of the reagent is completed in 2 hr with 2 moles of periodic acid reduced and 
one mole of formic acid produced. This seems to be a case similar to the oxidation of 
L-fucose described by Hough er a/.° who found that the sugar consumed rapidly 3 
moles of the reagent, forming a rather stable formyl ester of lactaldehyde. In our case 
a 3-formyl ester of 2-O-methyl-p-threose (VIII) should be formed, which explains why 
only | mole of formic acid is detected 

Curacose is dextrorotatory and does not mutarotate. It is interesting that all the 


known ethers of p-fucose are dextrorotatory (Table 1). 


TABLI MONO-O-METHYL ETHERS OF D- AND L-FUCOSI 


H.O) 


Reference 


It is evident that in curamycin, the curacin moiety (IV) is linked glycosidically to 
an oligosaccharide of a molecular weight about 1000, formed by several molecules of 
L-lyxose, D-curacose and sugar |. It does not reduce Fehling reagent and hence cannot 
contain a free carbonyl group. Schematically c iramycin structure can be represented 


shown in V, where m, n and p are the number of 


molecules of each individual sugar 
present in the oligosaccharide 


EXPERIMENTAI 


M.p.s are not corrected. pK; were determined in methylcellosolve-water (80:20 by weight). 
Sfreptomy\ § cura-Ct was grown in a me im conta ng 3 (by weight) of cotton seed meal, 

5°, corn starch, 0-015°, protein hydrolyzate, 0:5°, sodium chloride, 0-2°, calcium carbonate and 


water added to complete 100 parts in volume 


Preparation of curamycin 
Ten liters of harvested broth, with a content of 155 mg of curamycin per liter (based on biological 
potency), were adjusted to pH 9-5 with 40°, sodium hydroxide solution, 900 g filter aid added, the 


J. G. Gardiner and E. Percival, J. Chem. Soc. 1416 (1958) 
®*L. Hough, T. J. Taylor, G. H. 8. Thomas and B. M. Woods, J. Chem. Soc. 1213 (1958). 


qe 
2-O-Methyl-p-fucose 155°: 16] 73 87 a 
2-O0-Methy fucose 15] 87-2 h 
ae 3-O-Met cose (D-digitalose) 119 10¢ é 
3-O-Metl fucose 109 110 97 h 
4-O-Methyl-p-fucose (D-curacose) 13] 132 82 
1H. B. MacP ul ind R. C. Elderfield, J. O ( 4. 150 (1939) 
hILG.G lit E. Per Ci 1414 (1958) 
I. b and S. Smit J. Chem. 442 (1936) 
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three times. The filtrate and washings 


2500 mil ot ethyl acetate, 


tne con- 


> 
82 
a nvcelium filtered and the cake washed with | liter of water rrr ee ae 
were adjusted to pH 7-0 with It wdrochloric acid and extracted twice wit} 
i 7 the ac pa » into the sol t. The extracts were concentrated in vacuum to 500 ml, = peat ee 
ce c was Wa in ) dec cnare ided to the 
a ¢ acetate layer and fil e solutio is concentrated to 30 ml. On standing over it at A 
tne Curamyc pree tc IW p 196-193) It was recrystal ca DY 
3 ass it ) ID etna }and adding alter cooling tour volumes 
Ne p. 198 ; 1: chlor { 1-0; pyridine) oO mutarrotation 
284 748 (Found: C, 48:4 49-12; H, 6-45, 649; Cl, 4-67, 5-05; 
: OCH 85; (C) CH 38. C,,H,.Cl,O 1301)1 res C, 48°89; H, 6°30; Cl, 5-45; 
9-53: 8 (C)CH ( 45) re res C, 48:89: H, 6:30; Cl, 5-45; 40CH,, 9°5 
CHy,, 9-22 ¢ H,,.CLO 45) requires C, 49-06: H, 6°38; Cl, 5:27; 40CH,, 8-99; 8 (C)CH,, 8-90",). 
ethano soprop co dul Dic iter, ciner and Oc one. I 1V- 
- it gives a positive M s test for p tho ther phenolic reactions are negative (Folin, eee 
ferric Chioride) pos ve test is oDtained 
Meth) sramycin 
Bey ; Three h ire rams of curamyc ere dissolved i mixture of 7 ml ethanol and 7 ml 
a etn icetate An excess ol iZO t ¢ ether was ided and the solution left at 5° for 72 hr af 
er I} ents were then evaporate dryne nd t solid, partially crysta e, residue, was re- 
a crys ed from 5 et 983 of met ‘ral vere collected by filtration. Needles, 1 : 
m.p 224 unchanged Dy turther rystal 1-21, pyridine) The substance was 
purified for a ys . epeated recrystal t from benzene. (Found: C, 49-97, 50-37; H, 6°45 f : 
: : 6-34: Cl. 5-50. 5-33: OCH,, 11°59. (1315) requires: C, 49-2 H, 6°38: Cl, 5:39 
SOCH.,. 11°78. (1359) require C, 49-44: H, 6°47: Cl, 5-22; SOCHs, 11°40°,) 
Me cur acetone, chlorotorn cetic acid, pyridine and ether and 
ss 5 vic OC ene It vives the same reactions as 
curamvc except for the Millon’s reactio ey 
Mild ad hy fy of 
a) icin. On i suspended 100 ml 0-1 N hydrochloric acid and the 
he clear } sol obtained. It was tered 
not to ¢ very K On cooling a crysta precipilale 
beg: ove! s filtered. Yield: 267 mg, m.p. 138-140 
Recrysta ed sever es p. 145 41-3 
(20 p DK y ( 5-78: H 15, 4-85: Cl, 17-93, 18-28 
OCH 13: (C)CH 87 CHO, 0-96. requires: C, 45-33; H, 4°53; Cl, 17°88; 
IOCH,, 7°83; 2 (C)CHS, 7 
rac cry ) eUl ess cnioroio©m ind Oe ene 
spar lub ethe er. It sO wdrogen carb ite solutio 
i positive M ens, I M ) 1 (phenol) reactio ind a p tive 
: est in ride te ve 
( The uors tne ration of curaci vhich give a strong 
ate Molisc nd Fe« ere tr ed th Amber IR 4B til the lution was free of « rine 
) \ rica 658 my ota Vill ous vellow product 
I 
ota ed and ¢ n tne ork Gescrided below 
Vi cure 1 
4 $00 of curacin were suspendes 10 ml ethyl ether treated with an excess of diazomethane : 
= E. in ether After 24 hr the cle sol 1 as evaporated and fresh solution of diazomethane added 
ce The glassy residue obt li on evaporation rvstallized b lissolving it 3 ml of drv benzene 
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(m.p. 118-119°). For analysis it was recrystallized first from benzene and then from water, m p 
118-119": (x)p +56° + 45° (5 hr) (c, 1-0 pyridine). / 284 my (e 570) in ethanol. (Found: 
C, 48:15; H, 5-20; Cl, 17°52; OCHs, 15-12. C,H Cl,O; requires: C, 48-60; H, 5-08; Cl, 17-97; 

20CH;, 15-77%) 
Methyl curacin is very soluble in ether, ch form; less in methanol, ethanol, benzene; soluble in 
The M isch, 


no alkali when 


¢ 500 mg 


ethanol 


ned, 


70 


414-90 


(c, 1-0 pyridui hange | tation i te t 24 hi 34 my 905) 
(Found: ¢ 71; H, 471; Cl requires: 
H, 4:14: Cl, 14:00; 3CH,CO, 25-44) 


Alkaline hydrolysis of curacin. Dichloroisoe tinic acid (1) 


One hundred milligrams of curacin were dissolved in 6 ml of 0-1 N sodium hydroxide solution 


» the lo } n i; > 
and left for 24 hr at room temperature. After stand , the clear brown yellow solution was acidified 


to pH 2 with 2 N hydrochloric acid and extracted 3 times with 3 ml of ethyl ether. On evaporation 


a 
if 
4 
oe ; Fe x and Tollens tests are positive. It behaves as a neutral product, consuming 
titrated 50°, ethanol. It is insoluble in 0-1 N sox n hydroxide : 
Curacin si rbazon 
O1 ed rams of curacin were vende 5 ml of iter solut containin 
semicalr € ride 17501 te. B t t § curacin dissolves in 
: abs 15 Onc CI prec t peared that ; ind recrystallized from 
et ) ». 168 It is il itio (Found: 
: C, 44:1 44-08: H, 4°87, 4 ( 16°13; N 7, 9°47. C,.HeCl.N,O; requires: C, 43-83; 
H, 4:79: ¢ 16°21; N, 9-5 
Five | lred 1 f cur 1) f p-tosylhydrazid re vended in 30 ml ; 
t ‘ er ore rec! lized f . 7 It iss ) im hydroxide 
ins ) rogen carb C, 47-72; N, 483 
: Cl. N. 5°59: 6O8. H..CI.N.O:S re re ( 418-05 H. 4-9] Cl, 12-93: N, 5-10: 
reace tec » ter bat r? Onc ra recipitate was for 
ellow nee: € ed p. 202-20 0-1 N xide, insoluble 
in sox carbonate. (I d: C, 44-63; H, 3-97; N C.,H..CI.N,O,, requires: C, 
H, 3:90: N, 9-98 
Dih acin 
borohydride After 20 : ed to pH 2 with 5 N hydrochloric acid and 
giving 170 y of ré 5 l. It was solved g butyl ether tanding at room : 
temperature and scratc ’. irregular prisms re cted. After recrn lization from hot butyl 
ether, the m.p. was 90-9 17 p C oO muta! t10 284 mu 1330) ] 
(Found: C, 47-17; H, 5-34; Cl, 18-19. C,;H..Cl.O- requires: C, 46-99; H, 5-25; Cl, 18-53 ) ‘ 
Triace fyvicuracin 
A solu 1 of 800 mg of curacin in 40 ml pyridine and 32 ml acetic anhydride was boiled for 5 : 
min. After coo the tio soured to 300 n f ice-wate resul precipitate 
solidified on addition of fresh cold water. The s 1 was then collected 1 well dried, (560 mg) 
On digestion with a few ml of dry ether it cryst ed. On three recrystalliza s from the minimum 
am [x]p 15-8 
1 ethanol. 
C, 49-70; 
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of the ether a crystalline residue was obtained which when recrystallized from boiling water (Darco) 


gave 30 mg of pri 1 1 unged by further crysta ition. / 284 my (e 1270) in 


5°47 ind 43-30; H, 28-58: OCH,, 12-60. C,H,CI,0, 
C, 43-15 10 CH,, 12 


dichloroisoeverninic acid gave a strong 


the alkaline solution of curacin for 


: 
ethan 

{/Aaline Aydrol\ va iva 
A solution of 13 ‘ rac 2 sox ydroxide s boiled under 

Ihe ed H 2 wr roc c ack c dK rowsocevel c acid 
extrac in ciner 2 gqueo ve ane 
: W No. $< ved 

Is c acid (Il 

The « 20 
D O-din 0 ill 
M K C. 45-52: H, 4-02; Cl, 2648; CyHyCl,O, 
dD ” 
| 
‘ 

T} ‘ m iN he 

‘4 epre p. wik xed with the 

” Nic SOCVE ch was Ola cad DV a sin lar a kaline 

hvdrotysis of yi curac 

A. Robertson a on. J. 
J. Nolan and D. M A » 22. 51940 

pe 


Curamycin 


Acid hydrolysis of the carbohydrate fraction 


The 658 me of freeze-dried carbohydrate containing traction obtained by mild hvdrolvsis of 
g of curamycin v 1ISs iin 140 milo N hydrochl d and heated in a boiling 


water 
te IR4B, the 


so ob- 


E 
bath for 3 | The c were ated Dy treating batchwise with Ambe 
‘ 
a chlorine free solution was concentrated to about 40 ml and finally freeze dried. The material sammie 
a |. tained showed three different spots in papergrams, with R,’s 0-28, 0-52 and 0-59 (descending chroma- 
tography, Whatman No. 1, n-butanol: ethanol : water (4: 1:5) upper phase was used as mobile phase) 
Column chromatography of the hydrolysis products 
se: A colun fl 300 packed with W nan Standard Grade Cellulose powder equilibrated ; 
with solvent (n-but water, 40:6) was used. Cr e hvdrolysate (490 inon solvent was 
conta g fract ‘ th the same R ere p C As expecte the subs ce with R, 0-59 was 
then freeze-dried. The an recovered were 141 (R, 0°59): 152 (0-52) a 123 mg (0-28) 
Identification of ibst R, 0-28 (VI) 
an e, it resis \ W pre ted 
| cre 2 ) 
OCH 
j 
: if ( H N. 8-24 S Ss OCH ( H.-N.O-S re res ( 48-55: 
H. 63 9-24 OCH 8-95 ) 
Perio 
»R. Cons ind W. M.S r, N 169, 78 $2); M. J. Cru 180, 606 (1957 
E. dR. W 34. 
P. A. Le R.S. 7 B ( 115 } 
Pr. A. r. B. La B 18 
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periodate and formic 


le of sugar 


because 


ten tur » from to tin th ymsumMmed meta- 
\ re ed a at time, 
4 
i a h 
| scr 
j {) ere 
. 
cy \\ N tne 
4 
, 
la weak 1 est. Bial 
: W Disc! rent for 2-deoxy pentoses, the 
k Mr. J. F.A Dr. N. H. Coy, The Squibb Institute for 
: R \ B the LR Prof. T. Reich- 
D P for f p-fuc 1 of methyl-L- 
Dr. W.S Z t several PKR yce Constants 
wR K H. 7 ( 67, 32 (195 
4 S WM ,. D Liet 555, 1944), 
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CARBON-CARBON AND CARBON-HYDROGEN BOND 
ENERGIES AND BOND DISTANCES* 


GEORGE GLOCKLER 


Abstract 


IN a recent communication’ the suggestion was made that the relation between 


carbon-carbon bond energies [B(CC), in kcal] and carbon-carbon distances [R(CC) 


r, in A] could be expressed by a power series of the third degree of the reciprocal 


distances 


B(CC) h/r? (1) 


and 


B(CH) B/ p* C/ p* (2) 


where a 1140-593, +b 3252-755 and « 1991-129. The corresponding 


relation between carbon-hydrogen bond energies [B(CH), in kcal] 


ind carbon 


hydrogen distances [R(CH) p, in A] was also considered to be of the same form 


with the constants: A 1125-03, B 2477-006 and ( 1376°444. The authors 


made the following statement in their paper in reference to the present writer’s 


earlier publications: ‘We preferred, however, to derive new relations of this kind for 


CC and ¢ H bonds, since we felt tnat the published ones were ope to criticism 


However, a study of equations (1) and (2) indicates t the ve several short- 
comings. The most serious difficulty lies in the fact that the summation of the carbon 
carbon and carbon—hydrogen bond energies, calculated by means of these « ations, 
does not give the heat of itomization (Va) tor a series of molecules It is of course a 


fundamental tenet of bond energy considerations that 


where / number of B,-bonds. 


The heats of atomization are obtained from the usual heats of formation (Of at 
O°K).* In the case of hydrocarbons the heat of sublimation of graphite [L(C) 
170-4 keal, at O K | and the heat of association of hydrog n [D(H.,) 103 24 kcal, 


culations at 25°C. This differ- 


at O°K] are also needed.* The authors make their cal 


ence in temperature causes only a change of a few kilocalories. The B(CC) and B(CH) 


* This research is supported by the U.S. Army Office of Ordnance Research under Contract No 


DA-31-124-ORD-10-4 


Circular 500. United States Government Printing Office, Washington, D.C. (19 


4 
vie : Department of ¢ hemistry, Duke University, Durham, N« ) Carolina 
a, (Received 13 February 1961 n revised form 4 March 1961) 
. : 7 6! types of mathematical relations are discussed, which represent the connection between 
carbon-carbon | d energk cart cal tance They ur lesc e the relation 
detwec nd energies and the correspon Card nycrogen bond distances 
~ 
Qa B, B, (3) 
— number of B.-bonds, etc 
tM. J. S. Dewar and H. N. Schmeising, Tetrahedr 5. 166 (1959) 
2 F. D. Ro , Select j ’ iP ert fH ho National Bureau of Standards Circular 
, C 461, | ted States Government Pr g Office, W ngton, D.C. (1947) 
eta Ci National Bureau of Standards : 
i 
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bond energy values reported here were obtained by using equations (3), (4) and 


(5). 
These cubic equations were first established in 1958 and are here recalculated.‘ 
B(CC) 27-00/1 116-00/r2 427-533/r° 
and 
B(CH) 


8$12-61/p 1970-90) p= 1046-71/ 
The numerical values obtained by 


columns 3 and 6 


the use of these equations are shown in Table | 


CARBON—CARBON AND CARBON-HYDROGEN BOND ENERGIES 
BICC 


R(CH) B(CH) ke 


wo sets of bond ene! 


| 


; best done by calculating 
ases using equation (3). In Table 2 the expert- 
column 2 he present calcul 


ated Va-\ alues 


666-6 


169-8 


319) 


(column 3) naturally check the experimental ones. However, the Qa-values derived 
by Dewar and Schmeising' (not mentioned), show differences of several per cent 
between calculation and experiment. 

‘ Presented at the 


American Chemical 


Society Regional Meeting, Richmond, Virginia, 5 


November 1959. 


i 
R(CC) al 
C.H 1-207 185-7 170- 1 -Of 102-0 109-5 
( 1-28 154-0 
1-315 141-5 
C.H 1-337 134-1 130-4 | -O8¢ 100-5 
C.H 1-397 116°7 1-090 
Graphite 1-421 110-¢ 
C.H 1-543 1-102 17-0 17-0 
Diamond 15445 84-9 
CH 1-094 QR-] ? 
Ref. 5 12 Ref. 7 Rel. 
The con parison of the two eee 
the heats of atomization for the twe 
mental values of Qa are shown In 
2 HEATS OF ATOMIZATION (Qa, kcal) 
Exp G D 
CH 
( 141-2 141-5 
1308-1 1293-4 1279-4 
G vhite 165-9 
( hite 1.5 
C,H 667-2 667-0 — 
3 Diamond 169°S 169-8 
CH 392-9 392-9 
Equations (3-5) Ref. 14 Refs. 10 and 11 
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Another discrepancy should be noted. The values for B(CH) as calculated from 
equation (2), with the appropriate constants given above, must be multiplied by a 
factor of ten, in order to yield reasonable values. The Qa-values for ethane check 
then satisfactorily. An entirely different set of empirical constants can of course 
remove this discrepancy as is noted in equations (4) and (5). 

The relations between bond energies and bond distances are shown graphically 
in Fig. | and 2. It is seen that the discrepancy in B(CC, C,H.) is due to the fact that 


100 


Carbon— Carbon Bond Energy,B(CC), kcal —> 


Carbon-Carbon Bond Distance, R(CC), A°—> 


hy Cal oO es ind carbor distances 


(Egu ) la 


the cubic relation’ has a maximum at 1-15A or near to R(CC, C,H,) 1-207 A. It 


was found during these calculations that the location of a maximum can be shifted by 
a relatively small change in internuclear distance. The latter are given in Table 1, 
column 2.°°* In the case of ethylene it is likely that Dewar and Schmeising' used the 
internuclear distances given by Bartell and Bonham’, which are R(CC, C,H,) = 1-334 


and R(CH, C,H,) = 1-085 A. The corresponding bond energy values B(CC, C,H,) 
134-1 and B(CH, C,H,) = 103-6 kcal lead to Qa(C,Hy,, calc.) = 548-5 kcal, whereas 
Qa(C,H,, expt.) 
than the experimental finding. 

From Fig. | it is seen that the present empirical relation between B(CC) and 


32:7 kcal. The calculated value is then only 3 per cent greater 


R(CC), equation (4), includes the interaction energy between the planes in solid 
| 


lr. L. Cottrell, The Strengths of Chemical Bonds. Academic Press, New York (1954). 
®* A. E. Douglas, Astroph J, 114, 466 (1951) 


M. Dowling and B. P. Stoicheff, Canad. J. Phys. 37, 703 (1959) 
E. Sutton, (Editor), Tables of Interatomic Distances. The Chemical Society, London (1958). 
S. Bartell and R. A. Bonham, J. Chem. Phys. 27, 1414 (1957). 
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graphite. It is well known that the heat of sublimation of diamond [L(C, dia) 
169-8 kcal 2 B(CC, dia)]. If the bond energy values in graphite are given by 
B(CC, 1-421) within the planes and B(CC, 3-354) between the planes, then 
1-5 B(CC, 1-421) + 0-5 B(CC, 3-354) = 170-4 kcal (6) 
The cubic relations (equations 4 and 5) include equation (6), whereas relation (1) 


is not applicable since it gin iegative values beyond about R(CC) 2A. 


> 
@ 
> 
o 
© 
c 
c 
o 
= 
c 
2a 
~~ 
oO 


1.08 1.10 1.12 


Carbon Hydrogen Bond Distance, R(CH),A° —> 


$S-spectroscopy is 160-4 
he heat of sublimatiot graphite [L(C) 170-4 
molecule [AH,® 18¢ 1-5 kcal (second law) and 


and Clementi give 186-5 kcal. From these 


3L(C) AH,® = 2B(CC, C,) 


BICC, C ul » be 162-0 kcal. From the cubic equation (4), the corresponding 
distant ound to be 1-26 whereas relation (1) yields no result since the maximum 

al at ; for this equation. However, 
Kiess and Broida™ have lately found the rotational constant for the C,-molecule to 
be 0-4280 whence R(CC, C,) . This distance implies B(CC, C,) 144-5 
kcal from equation (1) and 153-8 kcal from equation ( 3). Hence a discrepancy exists 
1°} Drowart rm De f nd M. J. Inghram, J. Chem. Phys. 31, 1131 (1959) 


K. S. Pitzer mer. ¢ Soc. 81, 4477 (1959) 
H. Kies roida, Canad. J. Phys. 34, 1971 (1956) 


90 
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\ 
\ 
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+S 
\ 
> \ 
\ 
\ 
? 2 Fic. 2. R between carbon-hydrogen bond energies and carbon—hydrogen distance 
(Equatio 2 i; 
©. The average bond energy 
kcal.” When calculated fre 
keal]. the enthalpy of the 
188-1 23 kcal (third law)). Piz, 
Vaiues and irom tne reiauon 
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in the case of both relations (1) and (3) and depends entirely on the value of the 
rotational constant (B). 

On the other hand, equation (3) yields B(CC, C,) 141-5 kcal with R(CC, C,) 
1-315 A™ in good agreement with B(CC, C,) 142-9 kcal derived from mass-spectro- 
scopy.” The latter value was obtained from the enthalpy of the C,-molecule [AH,° 
195-8 (second law), 198-0 (third law)}"® and 200-0 kcal.” The average value is AH,° 


oO 
L 
o 
c 
WwW 
Cc 
° 
c 
2 
° 
c 
° 
2 
oO 


3 .4 5 


Carbon-Corbon Bond Distance (R(CC),A°)—> 


197-9 kcal. It yields B(CC, C,) 142-9 kcal. using L(C) 170-4 kcal and the 
relation 
2L(C) + AH,® = B(CC, C,) (8) 


3] 


I quation (1) yields 138-0 kcal at R(CC) 1-315 A. 

Other cubic relations were studied involving small variations of the internuclear 
distances. They showed no improvement over the case presented here. 

In a later communication™ another relation between the energies and distances of 
the carbon-carbon bonds is proposed. It is called a tractrix and contains logarithmic 
terms. These new results are here compared with the present author’s cubic as shown 
in Tables 1 and 2 and Figs. 3 and 4. The two relations now yield comparable values 
18 G. Herzberg, Molecular Spectra and Molecular Structure. I. Spectra of Diatomic Molecules. Van 


Nostrand, New York (1950). 
‘4M. J. Dewar and H. N. Schmeising, Tetrahedron 11, 96 (1960) 


4 CoHe 
180 
160 \ 
C3 
4 r 
140 \ | 
\ 
120 
Nac 
; 100 Y 
A 
CH 
Fic. 3. Relation between carbon-carbon bond energies and carbon-carbon distances 
Hquat 4: ref. 14,7 6 and 7.) 
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for the carbon-carbon bond energies from ethane to ethylene, but then the respective 


curves diverge. It is seen that for acetylene the differences in the bond energies in the 


two cases are relatively large. When however the C, and C, molecules are considered 


it would appear that the higher values of the present cubic equation are the more 


likely ones. 


We) 


Carbon- Hydrogen Bond Energy (B(CH),kcal)——> 


1.08 1.10 


Carbon-Hydrogen Bond Distance 


It is of interes 
kcal: Table 2 
Dewar and Sc 
1308-1 kea 


probably 


22 
105 
‘ 
oe“. 4 
100 
~ 
4 
Cé 
Ng oHe 
~ 
nie 
4. R ym between carbo ydrogen bond es and carbon-—hydrogen distances. 
tto note U he heat of atomizat ot benzene Hy) 1293-6 
en ted by equations (4) and (5). It is given as 1279-4 kcal by 
is Table 7). The respect resonance energies are then 14-5 
ectively, since the experimental vaiue of the heat of atomizauion Is 
nage 111, ref. 14 it is stated that the true resonance energy of benzene 
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Abstract—The behaviour of the hydantoin ring in the aminomethylation reaction was studied in 


order to determine the orienta of this substitutio It was found that position 3 is the most 


reactive one and tl esult is rationalized in te s ol sence of structural factors 


Mono-aminomethy! der itives of hydantoins (I to XV) are described 


CONSIDERING the different positions where an atom or group can be introduced in the 


hydantoin ring, several papers show that substitution occurs either at the nitrogen in 


position | or in position 3, or at the carbon in position 5. Substitution in N, occurs 


more frequently, for example nitration and formaldehyde in acid medium; the 


introduction of only one alkyl group results always in substitution at position 3 but 


these compounds can be further alkylated in position 1;- regarding substitution in 


position 5, it is known that condensation with aldehydes (usually aromatic aldehydes) 


takes place with the methylene group at ¢ 


The simultaneous introduction of two aminomethyl groups was achieved by 


Bombardieri and Taurins® who obtained the | ,3-bis( N-morpholinomethyl)-derivatives 


by reaction of hydantoin or its 5,5-dimethyl derivatives with formaldehyde and 


morpholine in yields of 22 and 40 per cent respectively. They also report that the 
1 .3-bist N-morpholinomethyl)-derivatives are hydrolysed by acid. 


this work—by the introduction of the aminomethyl group into 


[he purpose of 


only one position of the hydantoin ring—was to determine the orientation of this 
substitution reaction. The monosubstituted derivatives (I-XV) were prepared from 
equim lecular amounts of the hydantoin, the secondary amine and formaldehyde in 


yields of 63-100 per cent except for compound V, the yield in this case being only 


31 per cent. 


The former approach for solving the structure of the mono-aminomethyl-deriva- 


tives was by means of the Stuckey’s spectroscopic method.* According to this method 
I 


hydantoins with hydrogen on the nitrogen in position 3 show a bathochromic dis- 


placement in the ultra-violet region and an increase in intensity of absorption when 


changing from neutral or acid medium to an alkaline one. Generally, instead of the 


end absorption that hydantoins present in neutral or acid medium, there is an appear- 


ance of a maximum in alkaline solution. Using the 1,5,5-trimethylhydantoin it was 


shown here that the observed maximum is simply a shift of one already present at 


Ware, Chem. Rev. 46, 403 (1950) 

A. Novelli, Z. M. Lugones and P. Velasco, Ana/le is guim. Argentina 30, 225 (1942). 
+C. C. Bombardieri and A. Taurins. Canad. J. Chem. 33, 923 (1955). 

‘R. J. Chen 3 


Stuckey 


: 

93 

: 
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lower wavelength that he assumed, but could not observe due to limitations of the 
experimental procedure (Table 1) 

The ultra-viol ri mpounds VIII and X Ww a maximum at 221 mz 
in alkaline 1 jum al nl id absorption in neutral solu 1 esults should 
indicate that subst mnt ce at but tl ynclusion is invalidated by the 
follow) 
and 
posi 
alk 
din 
j 


X are 


ethvla- 


action 

vdan- 

ili’? and 

in positions | 


ves with bases, it 1s 


the 1,.5.5-trimethylhyd: in with diazomethane appears in 


the literature’ a the product m.p. 85° described as 1,3,5,5-tetramethylhydantoin 


must have been impure since the substance obtained either by methylation in the usual 


J. Ore. ” 1, 684 (1956) 
61, 423 


233 (1926) 


coincident 
. 
+ 
These facts lead to the definite conclusion that in alkali lution a fission of the ee 
link the hydantomik ve! OCCU! tnus 
regenerating the parent lant N-niper ethvl)-1.5.5-tr ethvlhvdantoin 
givine t thvlhvdantoir nd the s VIII and X affording 
5.5-di il I en for the las ee a ethylderiva 
tives aikaine mediu a wil registered Va es* ior the tnyinvdantoimn 
92, 2.20) 
This clea ry fast since the spectrum registered within four minutes alte 
the addition of the ba vy be exactly reproduced after 24 hours 
A successful approach to this structural probk yased on comparative mii! 
tions >, >-t rime ydanto ind 3.5.) vdantoin with diazomethane: 
sub ution only yssibie ore acidic in position 
affords a new method for distinguishing substitution at positions | or 
toin ring. and depends like others (increase Of soluodili in water! 
2. electrometric titration®) on the difference in acidity of the hydrogens 
- and 3 n account of the behaviour of the aminomethyl-derivatives 7777 
possible to predict that the two methods®* cannot here be applied . 
ee *L. W. Pickett a M. Mel J. Amer. Che 
H. Biltz and K. Slotta, J. Prakt. Chem. 113, 
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way (methyl iodide in alkaline medium) or with diazomethane melts at 106—-106-5 


[his compound does not show the N—-H band in the infra-red present in the starting 


hydantoin (KBr 321 uw: Nujol 3-22 uw) and the methoxy! analysis, being zero. 


indicates beyond doubt that the compound ts tl 


Since VI, VIII, X and XII cannot be methylated with diazor 


that fhe aminomethyi group in these compounds is situated at N-3 DOS oI 


3.5. 5-tets 


Further evidence supporting this conclusion 1s provided by comparison of the 


easiness of reaction with appropriately substituted hydantoins (Table 2). The 1- 


methylderivatives of hydantoins (1,5,5-trimethylhydantoin and 1l-methyl-5 5-penta- 


methylenehydantoin), react at 20° with orp ine or pipe idine (and formaldehyde) 
producing in very high yields (74 to 91 per cent) the expected products. Applying 
the same conditions to the isomers methylated in N.) (3.5,5-trimethylhydantoin and 
3-met! vi-5 S-nentan vdantol ) starting re re We 


quantitatively or in good yield 


~AMINOMETHYLDERIVATIVES 


Several attempts at acetylating VIII to transform it into the 1-acetyl-3-(N-mor 


pholinometl vl)-5.5-dimethylhydantoin( lV) and looking for further structural evidence 


ul 


were unsuccess 


The mechanism of aminomethylation reactions have been extensively discussed 


mann and Opitz® who assign to the carbonium-immonium ion (originated 
: 


*H. Hellmann and G. Opitz, Angew. Chem. 68, 265 (1956). 


LA 
4 
ethane it is concluded 
(A) 
_ TABLE 2.—EASE OF FORMING MONO 
4 rr 
vi line Pipe 
Starting hydantoi solate covered ted recovered 
3- Me 28 SY 
‘ 1,5,5-Trimethy! } 
5. 5-pe ne 14 74 
5 Sm e- 100 
i) 7 
c<p 23 
olu 
The parent hydantoins with no substituent on the nitrogen atoms afford the 
mono-aminomelny cri ives in 0 nm se compounds are, tneretore, 
regarded as N-—3-derivatives(A). Comparing hydantoin itself and its methvl- 
derivative (in more dilute solution tha rr the preceding Comparisons) similar results 
were obtained (Table 2) 
‘ 
by 
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from formaldehyde, secondary amine and a proton) primordial importance as amino- 
methylating agent. On the other hand Zinner ef al.® point out that the formation of 
N-aminomethylderivatives may occur through this same path or by initial reaction 
between formaldehyde and the “acidic” component N—H, and they give experi- 
mental data supporting that the hydroximethylbenzazole is an intermediate in the 
aminomethylation of benzazoles with secondary amines. 

Considering either mechanism it can be explained why the N,—H is more reactive 
than the N,—H under the conditions studied fter the hydroximethylderivative of 
the secondary amine is formed, the carbonium-immonium ton will be originated (a) 
reacting N,—H predominantly because its acid dissociation constant (pA, 9 12 for 
the hydantoin"®) is much higher than that of N,—H (pK, 14 or more®); the hydantoin 
anion (B) that leads to the final product according to (b) being formed at the same 
time. 


If instead the reaction starts wit leophilic attack on the formaldehyde by the 
“acidic” component N—H, the most reactive part will al be N H since according 
to the procedure used the equilibriur is firs i wherein position 3 will 
participate prevailing over position |, and hence the hydantoin anion (B) will be the 


one added to the formaldehyde 


Considering either reaction mechanism it could be anticipated that in the presence 


of one mole of acid the aminomethylation would be made difficult by the opposition 


of the acid to the dissociation of N.—H and N H (as mentioned above the whole 
process leading to the carbonium-immonium ion from the amine and formaldehyde 
hylhydantoin using mor- 


pholine hvdrochloride instead of the free base. under conditions (65 ) in which both 


requires a proton): in fact aminomethylation of 5.5-dimet 


nitrogens are attacked, yielded only 5 per cent of compound VIII and 92 per cent of 
the unreacted hydantoin was recovered. 

Other experiments show that for hydantoins substituted at C,, there are reasons 
of a steric nature, besides the electronic factors, that make position 3 the easier to 
react. 


® H. Zinner and B. Spangenberg, Chem. Ber. 91, 1432 (1958), and references therein cited 
1° J. K. Wood, J. Chem. Soc. 89, 1831 (1906) 


‘ 
| (8) 
‘ 
d 
: 
\ + HN = 3N + HN 
N 
C 
B 
: 
: 
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From the 3,5,5-trimethylhydantoin it is possible to obtain the 1-(N-morpholino- 
methyl)-3,5,5-trimethylhydantoin carrying out the reaction at 65°, but under identical 
conditions the 3-methyl-5,5-pentamethylenehydantoin does not react. Accordingly, 
the bis-morpholinomethylderivative in positions | and 3 of the 5,5-dimethylhydan- 
toin, already described in the literature,’ is obtained in good yield under conditions 
wherein the 5,5-pentamethylenehydantoin is only substituted in position 3 (almost 
quantitative yield of compound XII) even if the heating is much longer. 

By comparison of the results obtained in aminomethylation experiments carried 
out in dilute solution (Table 2) with 3,5,5-trimethylhydantoin and with 3-methyl- 
hydantoin (recovering 95 and 59 per cent of unreacted hydantoin respectively), it is 
concluded that two methyl groups at C,; render substitution at N, more difficult; 
their influence must be due on the one hand to steric hindrance and on the other 


hand to the decreased acidity of N,—H owing to the exerted inductive effect. 


EXPERIMI AL* 


NI 


Vonoaminomethyl derivatives The following procedure was generally used The secondary 
amine (0-001 mole) was added to a solution of the hydantoin (0-001 mole) in methanol (1 ml) cooled 
in a water bath (heat is evolved) and to the solution thus obtained formaldehyde (40°, aqueous 
solution, 0-001 mole) was added. After standing 2 hr at room temp the solution was evaporated to 
dryness in vacuum and benzene was added several times to ensure the removal of all the water from 
the crude product 

Direct crystallization of the latter furnished the desired derivative except for If and V whose 
isolation was done as follows 

3-( N-Piperidinomethyl)-S-methyl-5-ethylhydantoin(\l). The partly oily crude product was dissolved 
in benzene and chromatographed? in a column of neutral Woelm alumina (2:5 g) activity LI, eluting 
with the same solvent and taking fractions of 5 ml each. Practically all the product was collected in 
the first fraction (partly oily) and only a few mg more were obtained from the next fractions using the 


same solvent, benzene—chloroform and chloroform. Crystallization of the first fraction gave com- 


pound II 
1-(N- Morpholinome thyl)-3,5,5-trimethylhydantoin(V). The crude product was chromatographed 


of alumina Woelm, neutral, activity I1) using successively benzene, benzene with gradual 


(5g iddition 
of chloroform and finally chloroform for elutior The benzene eluted fraction after recrystallization 
afforded compound V; the eluate from benzene-chloroform (9:1 to 1:1) furnished 27 mg of the 
starting 3,5,5-trimethylhydantoin identified by m.p. and mixed m.p 

In Table 3 data about purification, analysis, etc. of the aminomethylderivatives are given 

Comparisons of reactivities. Hydantoins and their 1 and 3-methyl derivatives were compared in 
reactions with morpholine and piperidine maintaining the solution in a thermostat and following the 
general procedure above described; reaction conditions and results are indicated in Tables 2 and 3 

The comparison of the pentamethylenehydantoin derivatives were performed at 65° because at 
20° it is not possible to obtain a homogeneous medium since the 5,5-pentamethylenehydantoin and 
its 3-methyl derivative do not dissolve completely and with the former, the reaction product soon 
begins to separate 

From the experiments with 3-methyl-5,5-pentamethylenehydantoin and morpholine or piperidine 
(65°; 6 hr) washing the crude product with hexane, the unreacted hydantoin was recovered quantita- 
tively (m.p. and mixed m.p.) The 3-methyl-5,5-pentametilenehydantoin was prepared by methylation 
of the parent hydantoin with methyl iodide in alkaline medium working as for the 1,3,5,5-tetramethyl- 


hydantoin (see below); yield 60%, m.p. 210-211° (methanol) (literature:"") m.p 212-213°) 


* The m.p., taken in sealed capillaries, are not corrected; the ultraviolet and infra-red spectra were 


measured in Cary (Model 11 MS) and Perkin-Elmer (model 21) recording spectrophotometers respectively. 
The microanalyses were carried out by Dr. A. Bernhardt (Milheim, Germany) 
The elution of the aminomethy! derivatives should be done quickly to avoid a long contact with the 


alumina since otherwise with some of these substances considerable decomposition was observed 


11H. C. Carrington and W. S. Waring, J. Chem. Soc. 354 (1950). 
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Aminomethylation using morpholine hydrochloride. To a solution of 5,5-dimethylhydantoin 


(0-001 mole) and morpholine hydrochloride (0-001 mole) in methanol (1 ml), formaldehyde (solution 
40, 0001 mole) was added and heated for 12 hr in a bath at 65°. After evaporation to dryness in 
vacuum, the residue was dissolved in a solution of sodium bicarbonate (0-001 mole) in water (2-5 ml) 
and then evaporated again under diminished pressure (benzene was added to remove water com- 
pletely) 

Che dry residue was extracted with hot benzene (1 ml) which by concentration to a small volume 
afforded 11 mg (5°) of a compound m.p. 143-147° proved to be identical with compound VIII by 


mixed m.p 

The material unextracted by benzene was re-extracted with several portions of hot absolute 
ethanol and upon evaporation of the combined alcoholic extract yielded 0-118 g (92 
dimethylhydantoin, identified by its m.p. and mixed m p 

Vethylations with diazomethane. For these reaction excess of diazomethane in ethereal solution 
was used (prepared from 0-003 mole of Diazald'*) and directly distilled into a dioxane 
0-001 mole of the substance to be methylated: the final solution was allowed to stand 24hr ina 
refrigerator and then evaporated under reduced pressure 
Compounds VI, VIII, X, XII and 3,5,5-trimethylhydantoin were recovered quantitatively and 


identified by m.p. and mixed m.p.; attempts to methylate X and the 3,5,5-trimethylhydantoin using 
dichloromethane as solvent and adding 0-0012 mole of the boron trifluoride—-ethyl ether complex 


were also unsuccessful 


Under the conditions indicated formerly, 1,5,5-trimethylhydantoin furnished’ after recrystalliza- 
tion of the crude product from ethyl ether—hexane 0-110 g (71%) of 1,3,5,5-tetramethy dantoin, 
m.p. 101-106", which recrystallized again from ethyl ether provided 68 mg, m.p. 105-106 Found: 
C, 53°84; H, 7:58; N, 17°71; O, 20°31; OCHs, 0:00. C;H,,N,O, requires: C, 53-81; H, 7-75; 


N, 17-93; O, 20-48 


The same substance was obtained by methylatior 
mett ilantoin (0-01 mole) in alcohol (6 ml) contai r sodium hydroxide (0-01 mole) was mixed 
with methyl iodide (0-011 mole) and heated 3 hr at 60° followed by evaporatio cu Extrac- 
tions of the solid with ethyl ether and concentratio e 0°530 (34 po! e ydan- 


106-106°5°: there was no depression in the m.p. when mixed with the sample obt ed with 
diazomethane 

{cetvilation attempt The acetylation of VIII following several procedures was unsuccessful. 
Acetyl chk n pyridine (at 25° or 65°): in excess of acetic anhydride at 80° or 130 acetic an- 


hvdrid ind pyridine 110°; sodium hydride tn benzene and subsequent addition of acety! c ride; 


(0-002 mol 


0-004 


3-(N-morpholinomethyl)-5,5-pen ethylene- 


hydantoin (0-500 ¢; 94°.), m.p. 175-178", and gave no depression when mixed with the above 


using 5,5-dimethylhydantoin and heating 2 hr with subsequent 


e ve vacuu a solid was obt ed which after recrystallization twice from 
cyclohexane yielded 0-340 g (52°) of 1,3-bis(N-morpholi omethy])-5,5-dimethylhydanto (XVI), 
m.p. 129-132° which was raised to 134-136° (literature:* m.p. 134-134°5°) by recrystallization from 


H, 7°64. Calc. for C, 55:19; H, 8-03%) 


hexane. (Found: C, 55-14; 


12 Th. J. DeBoer and H. J. Backer, Rec. Trav. Chim. 73, 229 (1954) 
Dunbar and W. M. Swenson, J. Org. Chem. 23, 1793 (1958) 


| 
to t 
ketene 1 prese ice of anhydrous sodium acetate, and Sliver percni rate and acetyi Chloride in 
nitromethane It was not possible to obtain the acetylated product and the starting substance (VII) 
could be recovered only some cases and in low vields r 
{ffempt » obtain the 1,3-bis(N-m rpholinome thyl)-5,5 pe ntamethylenehydantoin To a solution 
of 5,5-pentamethylenehydantoin HEMMc) in methanol (6ml) morpholine (0-004 mole) and 
formaldehyde (s« n 40 G8. mole) were added and maintained at 65° durit 15 hr (homo- ~ 
} geneous medium throughout the heating period) rhe yivent was removed i 1 the 
desc cad spe 
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— XIX (R, — H: R, CH crive on thn tasks of 
chemical a 
hitter (Uuassia amara) was reported in 
: ( cai const ts culminated, a 
ers*. The paral d charactert- 
ft tit al iassin, C...H.,O, 
7 f O a lactol and neoquassin 
corresp lain tw cl roups, at 
\ (IR 1/45 1695 
real nt with base under- 
" ca ( Ho). 59 1 i 
‘ 
C,H | KOH) 340 6000). The last step could 
m . CT | | Cul if c 1enc 
that neithe f K ed a skeletal rearrangement and, em that 
ha spect! nor pounds provide a stron 
| in wv further defined by a reaction with acetic 
inhy vielde d quassin, C..H..O,, a cyclic enol-ether.” This 
was cstal on CO si! treatment with aqueous 
| ec quote | R nh iT by partia tructure | 
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Our own investigation started with the assumption that a molecule with a relatively 
large number of unsaturated functions must be particularly well suited for an investi- 


gation by nuclear magnetic resonance spectroscopy. The spectrum of quassin’ 


revealed the presence of one vinylic hydrogen and four C-methyl groups. Of these, 
two are tertiary (singlets at 8-45 and &-79 p.p.m.), one secondary (doublet at 8-86), 


and one (singlet at 8-15 p.p.m.) is situated on a double-bond. Furthermore, the shift 


5°70 p.p.m. in quassin to 6°15 p.p.m. in meoquassin 


of a signal for one hydrogen at 
indicates the s ndary nature of the ether ygen of the lactone ring. le partial 


formula I for quassin can therefore be ext 


i the methy! doublet from 

uction of III to IV. This 
postulat in and dihydroneoquassin 
were fo thoxide in methanol; 


the two unds were th for varately treated under similar conditions in 


CH,OD. The NMR spectrum of deuterated neoquassin shows that the CHCH group 


has been replaced by CDCH, (triplet at 8°35 p.p.m.) and that one methyl group has 


For inter- 


in Organi 


The NMR 
pretation, s 


Chemistr’ 


- 
ve" 
ended to I. 
~ 
~ 
Lal 
Both qua can be reduced with zinc and acetic acid to the 
corres] dihydroderivatives. On 1 is of their NMR spectra, the two 
dihydrocompounds no longer contain a vinylic hydrogen and the secondary methyl 
P enals of important compounds are given in Table 1 in the expcrimental section. 
e e.g. L. M. Jackn cati Magnetic Resonance Spectr py 
Pergamon London, New York (1959) 
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glet at 8:15 p.p.m.). In contrast, 


been completely deuterated (disappearance of the sit 
treatment of dihydroneoquassin again deuterated one methyl! group completely, but 


left the CHCH. grouping intact. Since only hydrogens « or vinylogously « to carbonyl 


groups can be replaced by deuterium under these conditions, partial formulae IIb, III 
and IV give a satisfactory explanation ol these results." 
We next turned our attention to the size of the ring containing the grouping III 


aximum 


red 


the saturated 


ketone | n x peread or larger ri! \ definite decision was reached by the 


investigation of rguassinic acid, the bet cid real ement product of nor- 
quassin.** Since t acid. according to its NMR spectrum, does not contain a vinylic 
hydrogen, it t be forme y the hvydr sis and rearrangement of the chromophor 
Ill and can, therefore, be represented by the partial for i V. Desoxonorquassinic 


acid,* C,,Hg,Qg, ' t als ntain the grouping \ t the elements of formic 
lg ketone, C.,H..O,. with 


infrared bands (in CH(¢ t 1/74 680 an 645 « The aximum at 1740 cm™! 


ring and the partial 


Prouping \ | to 


AC onerd treatment of 


th acet dit icetate vielded a neutral 


¢ H..O 924 6000: 284 mu, 
4200) an frat CH¢ t 177 11740 ¢1 [his acetate could be 
rec erted t vd pound is clearly the 
ace icates a 1,5-relationship 


| iL for i VI can therefore, with 


(see arrow 


Vil 


formulation 


630 (double-bond) 


cm Its NMR spect tains signals for all four ¢ groups, including the 
CHCH, group d shows no hydrogens u led by the vlv created lactone ring 


This high-\ 1 reactiol Dest CX] gd by an dative attack ata posilion to the 


sition (see arrow in VIII) 


tructure LX, in which the 


substitution of the two carbons connecting both keto-groups Is not rigorously defined. 
This final point was clarified by the degradation of the desoxodicarboxylic acid 
| formula X, R H).* obtained following the procedure of Beer et al.*¢ by the 


(partia 
alkaline hydrogen peroxide oxidation of <« 


groups of the diacid is probably tertiary since treatment with 


lesoxomn rquassin It had been established 


that one of the carb xv] 


methanolic hydrochloric acid gave a monoester, while the corresponding diester, 


S Ne 1assif corporated 5-4 atoms of D, while the value for dihydroneoquassin was 6°62 D. Possible 


Tithe d ther deuteratio resuits W be discussed 1 a separate communicauwion. 


rea 


of anhydroneoquassin.** It therefore 


Og and its position in relation to the remaining oxygen functions. An infrafl” 2am 
shows tnat the newly rormed ActoO-2group sina nve-memoderea 
nor 
of the carboxyl and ke e carbon atoms. The 
some a rance, | to Vil ce the only other possibie extension 
in VII) ead ler 
Tw iddi portance | partial 
io Oxidation of icid wilt ad tetra tate | cetic acid at room tempera- 
ture al pound, C.,H..O-, sho infrared ixima (in CHCL.) at 
1785 tor 1735 1670 turated ketone) and | 
ketone to give VIII, although the attack at one alternate poy 
a a contains a cyclic ether ring in place of the quas ctone ring ; 
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prepared with diazomethane, gave a different monoester on prolonged basic hydro- 
lysis.** The monoester X (R = CH,), C..H,.O0;, which was found to be stable under 
the usual decarboxylating conditions, lost the elements of formic acid on treatment 


with lead tetraacetate in boiling benzene to give a doubly unsaturated ketone, 


C,,H of 


tains methyl singlets at 7-95, 8-16 and 8-94, and a doublet at 9-21 p.p.m. One methyl 


The NMR spectrum of this ketone shows no vinylic hydrogens and con- 


group must therefore be situated on the newly created double-bond. These data and 
the modified ultraviolet® (Amax 267 my infl., ¢ 6900; 295 mu, e 8500) and infrared 
spectra® (I1.R.max 1740, ester; 1645, ketone; 1580 cm~', double-bond) are in good 


agreement with the partial structure XI for the unsaturated ketone. Since the infrared 


intensity of the double-bond band is comparable with that of the keto-group. a cisoid 


arrangement of one enone group in XI is indicated.* [his interesting y-keto acid 


oxidation can be assumed to proceed through a transition state of the type XII or its 


0 


non-cyclic equivalent. 


OCH, 


The chemical and physical properties of the compounds discussed thus lead to the 
partial structure XIII for quassin and neoquassin. It remains to establish the position 


of the lactone ring and the fourth C-methyl group and to close two carbocyclic rings. 


An oxidative study of anhydroneoquassin completely clarified these structural features. 
is a cyclic enol-ether prepared by the dehydration of 


Anhydroneoquassin, C,.H.,0;, 


® The anomalous ultraviolet spectrum compares with that of the similarly constituted chromophor in 


diosterol-II: L. F. Fieser, M. Fieser and S. Rajagopalan, J. Org. Chem. 13, 800 (1948) 
frequency of the keto-group finds its analogy in the spectrum of lactucin: 


® The unusually low infrared 
D. H. R. Barton and C. R. Narayanan, J. Chem. Soc. 963 (1958) 

1° R. Hirschmann, C. S. Snoddy, Jr., C. F. Hiskey and N. L. Wendler, J. Amer. Chem. Soc. 76, 4013 (1954). 

The formation of olefins on treatment 


104 However, the keto-group need not be mechanistically involved 
comparable conditions has been reported: W. A. Mosher and C. L. 


of tertiary carboxyl—groups under 
Kehr, J. Amer. Chem. Soc. 75, 3172 (1953); L. L. McCoy and A. Zagalo, J. Org. Chem. 25, 824 (1960); 
G. Bichi, R. E. Erickson and N. Wakabayashi, J. Amer. Chem. Soc. In press (G. Bichi, personal 


communication). 
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neoquassin with acetic anhydride.” In addition to the vinylic hydrogen present in 
XIII, its NMR spectrum shows two vinylic hydrogens with signals at 3-67 and 5-48 
p.p.m. These positions are in good agreement with those of z- and /-hydrogens, 
respectively, of model enol-ethers. In addition to XIII, anhydroneoquassin therefore 
contains the grouping XIV (cf. IIc). 

As anticipated, only the strongly nucleophilic enol-ether double-bond was attacked 


during a mild potassium permanganate oxidation oO! anhydroneoquassin in acetone. 


Three crystalline products were thus obtained in a high yield: a lactone A, C,,H,sO, 
(I.R.max 1740, 1695, 1685 and 1640 cm~'), its non-lactonic isomer B, C,.H gO, (1.R 


1695 and 1640 cm™'), and a diol C, C,.H,,0,;. Diol C was converted to compound A 


on treatment with silver oxide. Oxidation of C with periodic acid gave an amorphous 


aldehvde-formate which on basic hydrolysis followed by chromium trioxide oxidation 
5. 1700. 1690 and 1635 


177 


yielded a crystalline y-lactone, Cy, HO, (1-R. 


This degradation, involving the loss of the formate carbon atom, clearly defines the 


six-membered nature of the oxygen ring in quassin and neoquassin. Compounds A 
and C thus can be represented by partial structures XV and XVI, respectively. The 
substitution of the carbon atom indicated by the arrow in these formulae was deduced 
on the basis of the NMR spectrum of the intermediate alde! yde-formate. It contains 


> 


17 p.p.m; 


an aldehyde doublet at0-31 p.p.m. (J=6 cycles/sec) and a formate singlet at 
the splitting of the aldehyde peak leaves no doubt about the presence of one hydrogen 
atom in the z-position 

Treatment of lactone A, C,.H,,O,, with hot aqueous base eliminated two carbon 
atoms and gave a non-lactonic compound, C,,H,,.O,;, with infrared bands (in KBr) 
at 3450 (OH). 1690. 1660 (unsaturated ketones) and 1630 (double-bonds) cm". 
Partial formulation XVII for lactone A represents the only way in which groupings 
XIIL and XV can be connected, and which at the same time gives a rational explanation 
of the elimination (see arrows in XVII). The secondary nature of the hydroxyl group 
in the product of elimination (XVIII), was confirmed by a chromium trioxide oxi- 
dation to a ketone, C,,H,,O,. The absence of any carbonyl maximum above 1715 
cm! in the infrared spectrum of this ketone shows that the newly formed keto-group 
is located in a six-membered or larger ring 

The complete structure of quassin can now be discussed. The formulation XIX ts 
a unique consequence of all the physical and chemical data described above. On the 
basis of extensive infrared evidence, ring C cannot be five-membered, and no structure 
with a seven-membered ring can be constructed which would satisfy all the require- 
ments. The only remaining uncertainty is the position of the fourth methyl group, 
which can be attached at C, or Cy." The sharp NMR singlet corresponding to this 
methyl group appears at 8-79 p.p.m. in quassin and at 8-94 p.p.m. in meoquassin. 
This shift, associated with the change of the lactone ring to a hemiacetal ring, favors 
the attachment at C, 

In addition to anhydroneoquassin, the treatment of neoquassin, Cy.H 3 90,4, with 
acetic anhydride-sodium acetate yielded dehydroneoquassin (XX), This 
unusual dehydrogenation was first reported by Clark’ and must involve oxidation by 
air or peroxides. Dehydroneoquassin shows infrared bands (in KBr) at 3400, 1697, 
1680, 1640 and 1605 cm™' and an ultraviolet maximum at 280 mu (e 10500). Oxidation 
of XX with silver oxide gave dehydroquassin (X XI), with infrared bands 


1! Only structure XIX (R, CH,; R H) was discussed in our preliminary communication.’ 


= 
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(in KBr) at 1727 (conjugated lactone), 1700, 1690 (ketones), 1635, 1616 and 1590 
(double-bonds) cm~'. Ultraviolet maxima at 305 my (¢ 8600), 268 my (e 7000) and 
228 my (e 7000) indicate that one of the chromophores has been extended. The NMR 
spectra of the two compounds are in good agreement with the assigned structures and 
again show an unshielding of one methyl group by the lactone ring (singlet at 8-75 


p.p.m. in XXI). 


XX! 


Clearly, the fact that dehydroneoquassin (XX) does not aromatize under the con- 
ditions of its formation provides a strong indication that ring C must be blocked. In 
addition, XX and XXI could not be converted to a phenol on treatment with acid or 
base, and all attempts to obtain a phenol by a mild dehydrogenation of quassin proved 
unsuccessful. A vigorous dehydrogenation of quassin with chloranil yielded a small 
amount of a non-aromatic isomer of XXI. This compelling evidence places the last 
methyl group at Cy, and the structure of quassin must therefore be XIX (R, = H, 
R, = CH,). 

A surprising confirmation of this assignment came from the study of the previously 
mentioned compound B, C,,H,,0;, one of the permanganate oxidation products of 
anhydroneoquassin. The infrared spectrum of a carefully purified sample of B shows 
the absence of any lactone or unconjugated ketone, while the ultraviolet and NMR 


spectra exclude the presence of a new double-bond. The compound liberates iodine 


on treatment with potassium iodide in acetic acid and must therefore contain an 


wii 
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epoxide ring activated by a keto-group. Structure XXII explains the described 
properties and the following transformations. Treatment of XXII with formic acid in 
acetone hydrolysed one methoxyl group and gave the yellow compound XXIII, 
C,,H.,O;. Its functionality follows from the infrared bands (in KBr) at 3400 (hemi- 
acetal), 1730 (unconjugated ketone), 1690, 1680 (conjugated ketones), 1635 and 1622 
(double bonds) cm™, and from the normal ultraviolet maximum at 264 my (¢ 9400). 
The normally very stable methoxy! group in ring C ts clearly activated for acid hydro- 


lysis by the epoxide ring as indicated by arrows in XXII. 


The hydrolysis of XXIII with methanolic potassium hydroxide yielded the phenol 
XXIV, C.,H.,O,. Its NMR spectrum shows the presence of two aldehyde groups 
(signals at —0-44 and --0-60 p.p.m.), one secondary methyl group (doublet at 9-00 
p.p.m.), one tertiary methyl group (singlet at 8-59 p.p.m.), and two strongly and about 
equally unshielded aromatic methyl groups (7-46 and 7-53 p.p.m.). In agreement 
with structure XXIV are infrared bands (in KBr) at 3100 (OH), 1715 (aldehyde), 1675 
(aromatic aldehyde), 1595 (infl.) and 1583 (aromatic ring), and ultraviolet maxima at 
239 mu (e 8500) and 296 mu (¢ 8500), shifting to 261 my (e9950) and 314 my ( 5800). 
respectively, in ethanolic potassium hydroxide. The presence of a hemiketal in ring A 
follows from the ultraviolet spectrum and from the position of the vinyl hydrogen 
signal (5-19 p.p.m.) 

[he aromatization is best rationalized as proceeding through the stages XXIII-—> 
XXV—-XXVI-—-XXIV. It was found that no phenol was formed in an alkaline hydro- 
lysis of XXIII in an inert atmosphere. The transformation thus involves an air 
oxidation which can take place before” or after the C,—C, bond-cleavage. 

The possibility of an acid catalyzed skeletal rearrangement during the transfor- 
mation of XXII to XXIV is excluded by the fact that the phenol XXIV was also 
obtained by the reaction of XXII with sodium metaperiodate and sodium bicarbonate 
in aqueous methanol followed by basic hydrolysis. These remarkable transformations 
of the epoxide XXII thus confirm that ring C in quassin is six-membered and that 
aromatization is possible only after the cleavage of the C,—Cy bond. Furthermore, 
the NMR spectrum of the phenol XXIV reveals the position of the elusive angular 
methyl group. 

The reported formation of 3,4,5-trimethylguaiacol and | ,2,8-trimethylphen- 
anthrene* in the selenium dehydrogenation of neoquassin and its Clemmensen reduc- 
tion product, respectively, can be easily rationalized on the basis of the proposed 
structure. 

Iwo fundamentally different biogenetic hypotheses can be formulated for the 
formation of quassin and neoquassin. The compounds could arise from the diter- 
penoid pimarane skeleton by a series of C-methyl shifts and a shift of a two-carbon 


fragment. However, the distribution of oxygen atoms and the obvious structural 


symmetry strongly favor an oxidative coupling of two identical C,)-units (XXVII).™ 


The stereochemistry of quassin and additional transformations in the quassin 
series will be discussed in separate publications 


12 This unusual formation of an epoxide in a permanganate oxidation finds its formal analogy in the well- 


vith alkaline hydrogen peroxide. The survival of the 


known epoxidation of « 


epoxide is explained by the mild reactior nditions (several 1 utes in acetone at room temperature). 

13 For air-oxidation of 1,4-diketones to enediones in alkaline solution, cf. W. G. Dauben, G. A. Boswell 
and W. Templeton, J. Org. Chem. 25, 1853 (1960) 

M4 For an authoritative summary on the role of phenol oxidations in biogenesis, see D. H. R. Barton and 


T. Cohen, Festschrift Arthur Stoll. Birkhauser Verlag, Basel (1957) 
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Abstract—From the peels of Citrus mitis Blanco., two new flavanones, Citromitin (5,6,7,8,3’.4’-hexa- 


methoxyflavanone) and 5-O-desmethylicitromiti tamethoxyflavanone) were 


isolated by extraction with petroleum ether 


THE ripe fruit of Citrus mitis Blanco.'* is reddish orange in colour and the size of a 
lemon. The weight of a fruit varies from 25-30 g and the juice and peels form 20-25 
per cent and 30-37 per cent respectively of the weight of the fruit. 

The similarity of C. mitis Blanco. to kamala (Citrus aurantium) and the lack of 
chemical information prompted the investigation. The petroleum ether extract of the 
peels furnished a bright yellow crystalline solid which could be separated into a 
neutral compound (A), a phenolic compound (B) and a third crystalline compound 
(C) identification of which could not be achieved on account of poor yield. 

Citromitin (C,,H,,O,, }H,O; m.p. 134-136°) was considered to be a flavanone as 
it developed a deep red violet colour with sodium borohydride and concentrated 
hydrochloric acid.* Functional group analysis indicated six methoxyls in the molecule. 
As no hexamethoxyflavanone is known to occur in nature, compound A was con- 
sidered to be a new flavanone and hence named Citromitin. 

Citromitin could be readily converted into the corresponding chalkone (C,,H,,Og, 
1-H,O; m.p. 116-117) which on oxidation with pyridine and iodine or with 
alkaline hydrogen peroxide furnished veratric acid. During prolonged alkaline 
hydrolysis of citromitin, the chalkone was formed as the major product (68 per cent) 
along with a minor quantity of veratric acid (17 percent). The chalkone character 
of the hydrolytic product was further established by its reconversion into citromitin 
by refluxing with 3 per cent alcoholic sulphuric acid. These facts suggest that citro- 
mitin is a flavanone with a 3’,4’-dimethoxyphenylside nucleus. If out of the six 
methoxyls two are thus fixed, the remaining four must be present in the benzopyrone 
structure presumably in 5, 6, 7, 8, positions. Citromitin may, therefore, be represented 
as 5,6,7,8,3',4’-hexamethoxyflavanone (I, R = CHs) and the chalkone as 2-hydroxy- 
3,4,5,6,3',4’-hexamethoxychalkone (II). 

A hexamethoxyflavanone of this constitution (I, R = CH) and the corresponding 
chalkone (II) were synthesized earlier by Oliverio and Casinovi* who reported melting 
points (119° and 97-98") much lower than that of citromitin and its chalkone. For 
comparison with an authentic specimen the synthesis was repeated and the synthetic 
2-hydroxy-3,4,5,6,3',4’-hexamethoxychalkone (II, m.p. 112-114°) was identical with 
1G. P. Sastry and L. R. Row, J. Sci. Ind. Res. 19B, 500 (1960). 

? G. P. Sastry and L. R. Row, J. Sci. Ind. Res. 20B, 187 (1961). 


? Robert M. Horowitz. J. Org. Chem. 22. 1733 (1957). 
* A. Oliverio and C. Casinovi, Chem. Abstr. 46, 978b (1952). 
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the chalkone from citromitin. It was cyclized as before and the resulting flavanone 
(I, R = CH; m.p. 132-134°) was identical with natural citromitin. 

Citromitin is the first completely methylated flavanone to be isolated from the 
citrus fruits and forms the second known flavanone with 5, 6, 7, 8, substitution, the 
first being isopedicin (6-hydroxy-5,7,8,-trimethoxyflavanone) occurring in the leaves 


of Didymocarpus pedicellata R.Br. (Gesneraceae) along with its chalkone, pedicin. 


OCH, VCH 


It may be of interest to mention that the completely methylated chalkone, pedicellin, 
also occurs in the leaves of the same plant. Closely related flavones, nobiletin,® 
(5.6,7.8.3'.4’-hexamethoxyflavone), 5-O-desmethylnobiletin’ as well as the lower 
member, ponkanetin,* (5,6,7,8,4'-pentamethoxyflavone), have been isolated from the 
citrus fruits 

lhe flavanone character of citromitin was further proved by converting it into the 
corresponding 3-hydroxyflavone (III, R H) by the modified Kostanecki's synthesis 
of Row and Seshadri.” The 3-hydroxy-hexamethoxyflavone thus obtained gave rise 
to a heptamethoxyflavone (III, R = CH) m.p. 129-130", agreeing with that already 
recorded in literature.” Selenium dioxide oxidation® of citromitin furnished nobiletin 
in good yield. 

Compound B (C,,H,,O,, m.p. 146-147°) is also a flavanone as it exhibits reddish 
pink colour with sodium borohydride and hydrochloric acid.* Analysis indicated 
five methoxyls in the molecule and complete methylation yielded a hexamethoxy- 
flavanone identical with citromitin. From the ferric chloride colouration (greenish 
brown), compound B may be regarded as 5-hydroxy-6,7,8,3',4'-pentamethoxy- 
flavanone (I, R H) and hence named 5-O-desmethylcitromitin. This constitution 


(IR H) for compound B was shown to be correct by its synthesis from citromitin. 


The latter was demethylated with hydriodic acid to give hexahydroxyflavanone 
which could be remethylated back to citromitin. The formation of a stable hexa- 
hydroxyflavanone during demethylation suggests that the stability could have been 


Pr Ind. Acad. Sci. J7A, 375 (1948) 
1003 (19438) 
ind . Tetrahedron 8, 64, (1960) 
il. T. R. Seshadri and K. L. Vadhera, Proc. Ind. Acad. Sci. 42A, 252 (1955) 
*L. R. Row and T. R. Seshadri, Proc. Ind. Acad. Sci. 21A, 248 (1945) 
1” VY. Venkateswarlu and T. R. Seshadri, Proc. Ind. Acad. Sci. 23A, 354 (1946) 
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caused by chelation between the 5-hydroxyl and the carbonyl group." Methylation 
of the hexahydroxyflavanone with excess diazomethane gave rise to a 5-hydroxy- 
pentamethoxyflavanone (I, R H) melting at 146-147", alone or mixed with com- 
pound B. 

EXPERIMENTAL 


The sun-dried peels (4 kg) of C. mitis Blanco were powdered in a disintegrator and exhausted 
successively with pet ether (b.p. 40-60"), ether and methanol in a large soxhlet extractor 

Examination of petroleum ether extract Upon concentration, the extract deposited a yellow 
crystalline solid in an hour. After 48 hr, the solid was collected at the pump and shaken with 3% 
aqueous alcoholic (1:1) sodium hydroxide. 1 he alkaline layer was repeatedly extracted with ether and 
the total ether extract (800 ml) evaporated to get the neutral compound (A); yield: 8 2g. The 
alkaline layer was acidified and extracted with ether. Evaporation of the ether deposited a phenolic 
compound (B); yield: 1-1 g 

The mother liquor was steam distilled to collect the orange peel oil. The residue was extracted 
several times with pet ether (10 100 ml), the extract washed with conc HCI (5 25 ml) and the 


washings dropped into ice-cold water. The separated solid is designated compound C; yield: 150 mg 
} 


Examination of compound A 


Citromitin. Compound A was crystallized thrice from methanol and finally from benzene—pet 
5 


ether (1:4) as fine lemon yellow needles m.p. at 134-136 ound: C, 61-19: H, 5-95; OCH,, 45-3 

C,,H,,O,-$H,O requires 61-01; H, 6-05; 6-OCHs,, 3°). U.V. Spectrum in 95% ethanol** 
has Amax 335, 272 (inflexion) and 250 my (log ¢, 4:38, 4:23, and 4°32). It gave no colour with alcoholic 
FeCl,, and a bright reddish violet colour with sodium borohydride and HCI and also with Mg-HCl 
(/kaline hydrolysis of citromitin. A solution of citromitin (2 g) in 8°, absolute alcoholic potassium 


hydroxide (60 ml) was refl d for an hour on a water bat lcohol was removed under red press 


and HCl added he ’ bright yellow ystallit ( parated from methanol after two 
crystallizations as bright o re flakes; m.p ) ; yield: 1-65 g (Found , 59-99: H, 5-90; 
OCHs, 44:29; C,,H,,O,-1H,O requires: C, 59-7 , 6°16; 6-OCHs, 44:08 °%,). U.V. Spectrum in 
95°, ethanol has peaks at / 382 and 288 my (log e, 4-30 and 4:09). It developed a brown colour 
with alcoholic FeCl, and with sodium borohydride—HCl only a yellow colour 


When the hydrolys tromitin was repeated refluxing the liquid for 8 hr, a small quantity of 


veratric acid (17°.) wa btained along with the chalkone (68 ©) 

Conversion he chalkone into citromitin. A solution of the above chalkone (500 mg) in 3° 
alc yholic sul] ad 5 mi) W I ixed for 30 hr Removal of the solvent under red press 
followed by idition « , ia pale llow solid which crystallized from methanol as 


lemon vellow needles, n 13 36°, undepressed by citromitin Yield: 450 mg 


Synthesis of 2-hydroxy- hexamethoxychalkone 


ution of 2-hydroxy-3,4 -tetramethoxyacetophenone’® (200 mg) and veratrie aldehyde 


ydroxide (3 g in 3 ml) in small quantities while 
| 


5 
it room temp for 2 days. The deep red viscous 


was worked uy The chalkone crystallized from methanol as orange yellow crystalline 


m.p. 112 4°, vanged by the chalkone from citromitin. Yield; 85mg. (Found: C, 


xed with 3°, alcoholic sulphuric acid (10 ml) for several hours; the 


product was a pale yell talline solid, m.p. 130-133° undepressed by admixture with citromitin 
Demethylation of citromitin: 5,6,7,8,3' 4'-hexahydroxyflavanone 

Hydriodic acid (50 ml d. 1-7) was added to ¢ ition of citromitin (1 g) in acetic anhydride (10 ml) 
and refluxed for 3 hr, cooled and diluted with a solution of sodium bisulphite. The hexahydroxyflava- 


none was filtered and crystallized from aqueous acetic acid in the form of yellow crystalline solid 


1! N. N. Chari and T. R. Seshadri, Proc. Ind. Acad. Sci. 27A, 223 (1940) 
12 The U.V. measurements reported in this paper were made on Hilgers Uvispek photoelectric colorimeter 


18 W. Baker, J. Chem. Soc. 666 (1941) 


. 
4 
| 
1-3 in etl 
( 7) in ethanol as added aqueous sod 
cooling in ice. The flask was corked airtight and kept ; 
liquid 
ples, 
59-85; H, 5-98°,) 
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which did not melt below 340°; yield 540mg. (Found: C, 52-05; H, 4:33; C,,H,.O,-14H,O 
requires: C, 51°88; H, 4-32°%,). It dev eloped greenish brown colour with alcoholic FeCl,, bright red 
with Mg-HCl and orange red with sodium borohydride and HCl. It changed yellow to greenish 
brown in 5° sodium bicarbonate, yellow to brownish yellow in 5% sodium hydroxide (10 sec) and red 


to deep crimson red in 5°, sodium carbonate (40 sec) 
The hexaacetyl derivative (Ac,O and Na Ac) crystallized from methanol as colourless needles, 
m.p. 225-227°. (Found: C, 57-02, H, 4-51; Cy,;H,O,, requires: C, 56°63; H, 4-20%). 


Methylation of 5,6,7,8,3’ 4’-hexahydroxyflavanone 
(a) Synthesis of 5-O-desmethylcitromitin. An ethereal solution of diazomethane was added in excess 
to an alcoholic solution of the hexahydroxyflavanone (500 mg) After 36 hr at 0°, the solvent was 


evaporated and the residue crystallized from methanol as light yellow rhombic plates, m.p. 146 147°, 


undepressed by compound B, yield: 450 mg. (Found: C, 61 64; H, 5-82; OCHs, 39°16; CopH,,O, 
requires: C, 61 H. 5-60: 5-OCH,, 39-74%). It exhibited a brown colour with alcoholic FeCly. 
(b) Remethylation to citromitin. The hexahydroxyflavanone (200 mg) was refluxed for 12 hr with 


anhydrous potassium carbonate ( 3 g) and dimethyl sulphate (0-9 g) in acetone solution. The methyl 


ether was separated as usual and crystallized from benzene—pet ether (1:4) as lemon yellow needles, 


m.p 134-136° unchanged by citromitin, yield: 150 mg 


Synthesis of 3-hydroxy-5,6,7,8,3' 4’-hexamethoxyflavone 
To a gently boiling solution of citromitin (500 mg) in alcohol (50 ml), freshly distilled amyl nitrite 
ml) and conc HCI (d 1-19; 35 ml) were added alternately in small quantities with stirring The 
: turned bright vellow at first and finally bright reddish orange he hot solution was cooled 
j | times and the ether extract shaken with 3°; alkali. On 


and diluted. It was extracted withe several ti 


acidification of the all ne laver an vellow solid was obtained which crystallized from alcohol in the 


form of prismatic rods, m.] 3°. vield 100 me. (Found: C, 60-43; H, 5-51; OCH, 45-12: 
C,,H,,O, requires 29; H, 5 ; 6-OCHsg, 44:49°,). It developed brown colour with alcoholic 


$.6.7.8.3',4’-Heptamethox\ » The above 3-hydroxyflavone (100 mg) was refluxed for 4 hr 


ml) with px ! arbonate (1 g) and dimethyl sulphate (0-6 ml). The methyl ether 
m.p. 128-129"; yield: 80 mg. (Found: C, 61 19; H, 
). Nocolour was developed with alcoholic FeCl,; but 
im borohydride and HC! 
tromitin. Cuitromiut (340 mg) in isoamyl alcohol (8 ml) was 
for 12 hr at 140-145 Metallic selenium was filtered off and 
iv! alcoho The residue crystall from methanol as 
nixed m ith ci mutin 117 t did not answer the colour 
HC! f flavanone ng®* records m.p 134° for nobiletin 


O, requires: C, 62°69; 5-47°,) 


Examination of compound B 

$.0- Desmethvicitromitin. Compound B crystallized from methanol as light yellow rhombic plates, 
m.p. 146-147° undepressed synthetic 5-O-desmethylcitromitin (see above). (Found: C, 61°82; H, 
5-92: OCH,, 40-05; ¢ quires: C, 61-51; H, 5-60; 5-OCH,, 39-7: ). U.V. Spectrum in 
95°. ethanol has / 3 nc 3 and 255 my (log e, 4°37, 4-28 and 4:19). It gave dark brown colour 
with alcoholic FeCl ght violet colour with Mg-HCl and reddish pink colour with sodium boro- 
hydride and HC] 

Methylation of 5-O-desmethylcitromitin. Compound B (200 mg) was methylated in anhydrous 


acetone (80 ml) with anhydrous potassium carbonate (2 g) and dimethyl! sulphate (1 ml). The methyl 


ether crystallized from methanol; m.p 134-135° alone or mixed with citromitin 


Examination of compound 

Compound C was crystallized from alcohol as light yellow needles, m.p. 141-143 (Found: C, 
61-93; H, 5-07; Cyp.H»O, requires: C, 61-80; H, 5-15% t developed brown colour with alcoholic 
FeCl,, only a yellow colour with sodium borohydride and HCI and a bright reddish violet colour with 
Mg-HCl 


in acetone | = 
5-99: 
only a pale ve 
Selenium 
a refluxed with 
the filtrate ct 
; ine ate Si 
colourless nec 
test with sod 
(Found: C, 6242; H, $63; 
; mv 4 
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SYSTEMATIK UND NOMENKLATUR DER LIGNANE 
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Organisch-Chemisches Institut der Universitat und Forschungsinstitut fiir die Chemie 
des Holzes und der Polysaccharide, Heidelberg 
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(Received 17 January 


Abstract—A system of notation for the lignans and isolignans is proposed. The name cyclolignans 
instead of isolignans has been suggested. The notation is based on the oxygen equivalents in the 


benzene rings and side chains. The basic hydrocarbons are designated as lignan and cyclolignan. 


Unter Lignanen werden Phenole verstanden, deren Formel zwei C,C,-(Phenylpropan) 
Einheiten aufweist, die am mittelstandigen Kohlenstoffatom der Seitenkette verknipft 
sind. Ohne Zweifel entstehen sie in der Natur auf diese Weise; fiir einige ist dies 
bewiesen. Sie treten in zwei Typen auf: dem eigentlichen Lignan I und dem soge- 
nannten Isolignan II, das wir Cyclolignan nennen. Denn es ist kein Isomeres des 
ersteren; es besitzt zwei Wasserstoffatome weniger und enthalt das Ringsystem des 
Tetrahydro-naphthalins. 

Die strenge systematische Nomenklatur dieser Substanzen ist uniibersichtlich, 
denn sie stiitzt sich auf Butan, Butyrolakton oder Butanolid—(4,1), Tetrahydrofuran, 
Tetrahydro-naphthalin und Dioxa-bicyclo-octan.’ Die gebraéuchlichen Bezifferungen 


lauten: 


Welche der beiden Schreibweisen des Butanolids angewendet wird, richtet sich nach 
den zugehdrigen Cyclolignanen (z.B. 33 Hydroxymatairesinol und 35 Conidendrin). 
Cyclische Ather haben neuerdings international und im “Beilstein” das Prafix “epoxy” 
(statt oxido) erhalten, auch wenn die Zahl der Ringglieder héher als 3 ist. Tetra- 
hydrofuran ist demnach 1-4-Epoxy-butan. Die alte Nomenklatur soll nicht angetastet 
werden. Dasselbe gilt fiir die Benennung der asymmetrischen Formen nach Cahn 
et al.2, Neuere Ubersichten iiber die Lignane stammen von Hearon und MacGregor® 


sowie von Erdtman* und Karrer.® 

1 Herrn F. Richter, Beilstein-Institut, danken wir fiir die Durchsicht des Manuskripts 

2 R. S. Cahn, C. K. Ingold u. V. Prelog, Experientia 12, 81 (1956) 

2 W. M. Hearon u. W. S. MacGregor, Chem. Rev. 55, 957 (1955). Im Text zitiert: Hearon 

4H. Erdtman in Moderne Methoden der Pflanzenanalyse (Herausgegeben von K. Paesch und M. V. Tracey) 
Band III., p. 428. Springer Verlag, Berlin (1955). Zitient: Erdtman 

5 W. Karrer, Konstitution und Vorkommen der org. Pflanzenstoffe. Birkhauser Verlag, Basel u. Stuttgart 

(1958). Zitiert: Karrer mit der von W. Karrer verwendeten Numerierung. 


115 


HC CH C 
HC 4 é 
r 
0 U PIL LA 
oc 4CH co H.C at 
Butanolid Tetrahydro— -Phenyl -!.2.3.4- 3.7-Dioxo-b 
furor tetrahydr oh cyclo-|3.3.0 
thalin octan 
. 


K. FREUDENBERG und K. WEINGES 


Im folgenden wird versucht, eine leicht verstandliche Systematik und Nomen- 


klatur aus den beiden Typen abzuleiten, fiir welche die Bezeichnungen Lignan (1) und 


Cyclolignan (Il) vorgeschlagen werden 


Die beiden aus C,( theiten bestehenden Molekilhalften werden senkrecht 


nebenecinander geschrieben enn be (1) wegen Ather- oder Lacton- 
bindungen eine 

hierzu die linke verwendet (la). Die Cyclolignane (11) werden immer so geschrieben, 
dass die Molekiilhalfte, deren Benzolkern am Tetrahydron iphthalin-system teilnimmt, 


rechts steht. Auf diese Weise kann die iibliche Nummericrung in den Benzolkernen 


eingehalten werden. Die Bezifferung gcht von der tblichen Kennzeichnung der 
Benzolkohlenstoffatome aus. In der rechten Molekilhdlfte wiederholt sich die 
Bezifferung mit hochgesetzten Strichen. Bei der Bezifferung cines Lactons (-olids) 
hat die Carbinolgruppe den Vorrang 

Die Raumformeln stiitzen sich auf die Feststellung der absoluten Konfiguration 


der Guaijakharzsdure III und Illa von Schrecker und Hartwell® sowie Carnmalm.’ 


Zur Kennzeichnung sterischer Unterschiede werden die asymmetrischen Kohlen- 
stoffatome. deren Wasserstoffatom oder tertiires Hydroxyl bei der Schreibweise | 
(la) oder II aus der Papierebene nach oben herausragt, mit « bezeichnet, im anderen 


Fall mit /. 


* A. W. Schrecker u. J. L. Hartwe J. Ore. Chem. 21, 381 (1956): J. Amer. Chem. Soc. 79, 3827 (1957) 
7B. Carnmalm. Chem. & Ind. 1093 (1956); Ark. Kemi 18, 215 (1960) 


age ‘ 
CH CH CH 
: CH CH CH. CH : 
OCH, OCH OCH, 
OH OH ye 
a 


Systematik und Nomenklatur der Lignane 


CH _ bedeutet H iiber der Ebene («-Stellung) 


C---H bedeutet H unter der Ebene (p-Stellung) 


bedeutet keine Angabe der Lage des H-Atoms. 


Steht ein asymmetrisches C-Atom in einer offenen Kette, so wird das Oben- und 
Unten-Zeichen (4 und ---) angebracht (z.B. voranstehende Formel). Steht es in 
einem (eben gedachten) Ring, so geniigt eines dieser Zeichen. 

Wenn in Lignanen Athergruppen in der Formel zur Drehung einer Molekiilhalfte 
um die 8-8'-Achse zwingen, so wird—wie schon erwahnt—bei der Niederschrift die 
linke Halfte gedreht. Dabei erhalten die Wasserstoffatome der linken Halfte, die 
vorher die «-Lage innehatten, die /-Lage und umgekehrt. Dies ergibt sich auch aus 
der Regel, dass nur bei doppeltem Umtausch die Konfiguration erhalten bleibt. Wenn 
z.B. in Ill die linke Molekiilhalfte durch Auswechslung der Benzyl- und Methyl- 
gruppen herumgedireht wird, so muss man, um die Konfiguration wiederherzustellen, 
das H-Atom iiber die Ebene legen (Illa). Die Bezeichnung « und / gibt somit nur 
die Lage des H-Atoms bei der gerade vorliegenden Schreibweise an; daraus kann die 
Konfiguration abgeleitet werden. Aus dem Zusammenhang geht von selbst hervor, 
wann die parallele Schreibweise | oder die antiparallele la verwendet wird (bei 
Lignanen mit Atherbriicken von 7 nach 9’ und (oder) 9 nach 7’) 

Diese Nomenklatur hat den Vorteil, dass die ZugehGrigkeit zu den Lignanen und 
Cyclolignanen aus dem Namen der Substanz hervorgeht und die stereochemische 
Anordnung einfach ausgedriickt werden kann. Eine weitere Vereinfachung ist 
méglich, wenn die beiden Benzolkerne gleich substituiert sind 


CH, CH 


HC 
H.C 


ny 
U 


CH 


Guojolignan ‘ Piperolignan 


OH OH 
Syringalignan Syringo —cyclo- 
lignon 


Alle iibrigen Substituenten werden in der iiblichen Weise bezeichnet. 


| 
| 
| 
| 
is | 
a 
HU HC CH 
H.C H HC Cu 
OCH, H OCH, OCH 
OH OH OH OH 0 = 5 dx 
lignan 
| CH CH, CH, CH, 
. ‘. HC CH HC CH 
HC CH HC CH HC CH 
0 0 H.CO OCH, H,CO CH HCO CH. H.CO OCH. 
CH O—CH Ob | 
Pipero cyclo 
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Die Einteilung folet der Zahl der Saverstoffatome im linken, danach im rechten 
werden die durch zwei Ziffern ausgedriickten Klassen gebildet 


Benzol ring: hierdurc! ¢ 
(7.B. 2:2 fiir die ersten 39 Substanzen; 3:2 fiir die Substanzen 41-46 u.s.w.) 


nach der Oxydationsstufe 


Innerhalb der Klassen richtet sich die Reihenfolge 
Hvdroxvisauerstoff zihit einmal, Carbonyl und Ather 


ausserhalb der Benzolkerne 


zweimal. Carboxyl dreimal, Lacton viermal. Eine Athylenbindung zihit wie ein 


Cvelisierune zum Cvyclolignan. Der Klassenbezifferung wird 


ausserhalb der Benzolkerne Sauer- 


nso dic 


schen Ziffer O gesetzt. Cyclolignane 
Ein Beispiel mége dies 

n Sauerstofliquivalent, 

erhdlt mit 4 Sauerstofl- 

atiirlichen 

ner, die 


Handbuch 


ermdégens oder sterischer 


4 15. 33, 48, 


)-Gua- 


(a) 
ib) 4 Tetr 
(c) R)-Guayjal 
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hierfiir eine rémische Ziffer angceha 
stoffigquivalente, so wird anstelie ciner ron 
rangieren zwischen den Lignanen, denen s 
erldutern. Hydroxy-matairesinol 34 besitzt a 
an C9 drei Aqt ilent rusammen V: das ¢ 
dquivaienten und cil iecrung diescibe 4 
Lignanen angetuhrt dabei sind angegeden 
Bezifferune und der iibliche Gebrauchsname, unter (a) die aus Beilsteins 
ae schlagene neue B nung unter Einschluss der Konfiguration (« oder /), unter (c) 
‘ 
cic zte der syst itischen irat nsangabe (R oder $).* 
: Die Beze! 1u (c)ta we venn sie gegeniiber (b) keine Vereinfachung bedeutet 
+ Kunstprodukte | 32. 45) sind wegen ihres Zusammenhanges mit den Natur- 
stoffen mit aufgezahlt 
In verschiedenen Fallen konnten mit Hilfe des Drchun:: \ 
()berlegungen neve konfigurative Zuordnungen abgeleitet werden (6, 7, | 
49) 
A viaki iu ptisch inaktit Veso- 
4 ~ 
\ +. 4-< \ x pine an 
dentisch mit > 167 
He 64: Erdt a3. Karrer 
: 
: CH, cH 
2) 2:2:0 (—)-Dily 
Cc 
kharzsaure-dime ithe cdc Mesot n.} 
+-bis-[3.4-d ethoxy-phenyl]-butan 


Systematik und Nomenklatur der Lignane 


(3) 2:2:1 (—)-Guajakharzsdure 
Dimethyl-1.4-bis-[4-hydroxy-3-methoxy-pheny]]- 


(a) 2.3- 


buten-1 
(b) 


(c) (8R)-Guajalignen 


Hearon 961: Erdtman 432: Karrer 1168; ferner* 


2:1 (—)-Galcatin 


4471 (1958) 


r aus der Linksdrehung 
»< 


20, 3 (1960) und Fussnote 2 


. 
; 
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CH CH : 
OH 
CH CH 
. phenyl)-1.2.3.4-tets if pnt un bd 
(b) 
7S. 88.8 R 
Hearon 961, 1049: Erdtman 448: Karrer 1173: 
(S$) -Galbuli 
(a) 6.7-Dime xy-2.3-dimethyl-1-[3.4-dime 
{c) RS su 4 cl CI 
Hearon 1049; Erdt 448; Karrer 1172; ferne ICH, 
Cid 
(6) 2:2:11 )-Galbacir 
(a) xy-pnheny tetra- 
ira 
(b) (3.4).(3'.4')-Me x) 7'-epox 
{c) (7S.88.7 S.8'8 7 piper 
Hear 59. 984: Erx 448: Karrer 1160: ferner 
(7) 2:2:11 (—)-Galbeleis bd 
(a) Hom 
furan 
(b) 3.4. man 
®* G. K. Hughes u. E. Ritchie, Au J. Chem. 7, 104 (1954); Chem. Abstr. 49, 3101 (1955 hier die Substi- 
tucnte verwechselt) 
* A. W. Schrecker u. J. L. Hartwell, J. Amer. Chem. S 77, 432 (1955) 
1 A. J. Birch, B. Milligan, E. Smith u. R. N. Speake, J. Chem. Soc. ===. 
B. m, Acta Chem. 8, 1827 (1954) 
Freudenberg u. G. S. Sidhu, Tetrahedron Letters Nr : 
4 
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(8) 2:2:11 Galeravin inaktiv, Mesoform 


(a) 
hydrofuran 


(b) 28’ oder £8. 


guajalignan-dimethylather 
448: Karrer 1159; ferner.’~**™ 
mene trans-Stellung ist bevorzugt- 


age det Benzolringe 


benzyl]-tetrahydrofuran 


3-methoxy- 


«&'-lignan 


(c) guajalignan 


Hearon 987 itm Karrer 1158; ferner 


ot. 
7K. Fret 


R 

K. Weing whedro ett (1960) 

1° R. DPD. Haworth u. L. Wilson, J. Chem. Soc. 71 (1950) 

2° ©. y. Bruchhausen und H. Gerhard, Ber. Disch. Chem. Ges. 72, 830 (1939) 
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OCH, OCH, 
Hearon YR6: 
Die hier anger 
wegen der 4quatorialen 
é C---H 
(c) 
H 
(a) 2.3-Bis jroxymethyl-1.4-bis-[4-hydroxy- 
H.¢ 
(b) 
: c) Whvdroxy-gu i al 
, 
: 11) 2:2:111 (+)-Lariciresino 
(a) 3-Hvdroxymethyl-2-(4-hydroxy-3-methoxy phenyl)-4 
— — (b) 4.4°.9-Trihydroxy-3 3’-dimethoxy- 7.9 Cpory 15.45 
H.COH CH 
OH 
a R. D. Haworth, J. Chem. Soc. 1985 (1958) 
§9) 


Systematik und Nomenklatur der Lignane 
(12) 2:2:111 


(a) 7-Hydroxy-6-methoxy-2.3-bis-hydroxymethyl-1-(4- 


hydroxy-3-methoxy-phenyl)-1 2 3.4-tetrahydronaph- 
thalin 
lignan 


:2:111 


> 
4 


4.9.49’ -Pentahydroxy-3’-methoxy-«7 
lignan 

7S.8R.8'R 

iron 1045; Erdtman 442: Karrer 1170 


8.48’-cyclo- 


2:2:111 (—)-Cubebin 


hydrofuran 


(c) 
Hearon 980; Erdtman 435: Karrer 1162 

Das durch Reduktion 


entstehende Diol dreht links 
Daraus folgern wit 


dass (—)-Cubebin dieselbe Konfigura- 


tion hat wie (— )-Seco-isolariciresinol 


(15) 2:2:1V (—)-Olivil 


(a) 3.4-Bis-hydroxymethyl-2.5-bis-(4-hydroxy-3-methoxy- 
phenyl) tetrahydrofuran 

(b) 

-lignan, wahrscheinlich «7./37 

(c) -epoxy-guajalignan 

Hearon 983: Erdtman 436: Karrer 1161: f 


Die Konfiguration von 
Drehun 


mer 


und 7° erschliessen wir aus det 


(16) 2:2:1V )-Iso-olivil 


(a) 7-Hydroxy-6-methoxy-2.3-bis-hydroxymethyl-1-(4- 
thalin 


(b) 4.9.4 | 


“CYCIO 


lignan 
(c) 
Hearon 1043; Erdtman 444: Karrer 1171 


(17) 2:2:1V (—)-Liovil®™ 


(a) 
furan 


(b) 


‘c) 


3 
121 
it 
| OH H.COH 
(b) 
(c) OCH OCH. 
OH OH 
H.COH 
C CH 
(b) 
(c) C 
H OH OCH 
e 
OH OH 
0 : 
(a) 
H.C CHOH 
by H---C 
CH CH 
: O 
O-—CH O—CH 
WC 
H C C—H 
Hom C C H 
CH OCH 
|4 
HC SHOH 
OCH OCH 
OH DH 
0 
H.C CH 
HOHC CHOH 
ocH. OCH, 
OH OH 
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(18) 2:2:1V (—)-Matairesinol 
(a) 2 3-Bis-[4-hydroxy-3-methoxy-benzyl]-butanolid-(4 1) 
(b) 


(c) 
Hearon 971: Erdtman 433 ; Karrer 1163 


(19) 2:2:1V (—)-Arctigenin, Matairesinol-4-methylather 


(a) 


benzyl] 
(b) 4°-Hydr 


{ 


(3.4).43 
9°) 


(8R.8’R)-Piperolignanolid 
iron 966: Erdtman 436: Karrer 1166 


3-methoxy-pheny]]-3.7-dioxa- 


Ls Ls man 


epoxy-guaj ilignan 
Karrer 1150 


)- Pinoresinol-dimethyldather )}-Eudesmin 


inol-dimethylather )}-Eudesmin 


7TR.BS.7 RSS 
Hearon 995 rdtman 439: Karrer 1153 


nd. 9, 1111 (1955) 


A 
14, 49¢ 

Tetrahe 
Caren 
78, 5082 
Chen cand. 10, 445 (1956) 

Bu ‘ Chim. Fr. 2014 (1959). 


3 (1960) 


Mentzer 


Dryselius u 


2* G. Combes, D 


22 
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: 
H---C C—H 
OCH, OCH, 
OH OH 
oe 
(c) ) 
Hearon 2053: Erdtman 434; Karrer 1165 
CH 
OCH. 
H.C C 
(20) 2:2:1V (—)-Hinokinis 
H (b) 8’-lignan-olid-(9.9') 
He: 
>—CH OH 
(21) 2:2:1V (+-)-Pinoresinol 
(a) 2.6-Bis-(4-hydroxy- 
OCH bicvcl 
Hearor 26 
(22) 2:2:1V 
OCH, 2:2:1V (—)-Pincre 
21 B. C. Carnmalm, H. Erdtman u. Z. Pelchow icta Chem. Scand. 7. ; 
22H. Erdtman u. Z. Pelc cz, ¢ 
3 F. W. Lund, Acta Chem. Scar 
# K. Freudenberg u. G. S. Sid 
K. Freudenberg, u. G. S. 
26 M Beroza J Amer. Chen " 
a 
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(24) 2:2:IV (+)-Epipinoresinol 


(a) wie Pinoresinol 
(b) 
(c) 
Hearon 993; Erdtman 438; neuere Literatur s. Pinoresinol H=-C 


(25) 2:2:I1V (—)-Epipinoresinol = (—)-Symplocosigenol 
HC 
Hearon 1000; Erdtman 439 


(26) 2:2:1V (+-)-Epipinoresinol-monomethylather (+-)-Phil- 
lygenin 
7R.8R.7'S.8'R 


Erdtman 430; Karrer 1151/2 


Hearon 994; 


)-Sesamin 
(a) 
(3.3.0]-octan 
(b) 
(c) epoxy-p perolignan 
Hearon 996: Erdtman 441; Karrer 463; neuere Literatur 
wie (—-)-Pinoresinol 
(28) 2:2:IV ( )-Sesamin 
7R.8S.7'R.8'S 
Hearon 996 Karrer 463 
(29) 2:2:1V (+ )-Sesamin Fagarol 
7S8.8R.7'S.8'R 
Hearon 996: Erdtman 442; Karrer 463; ferner 


Erdtman 441; 


(30) 2:2:1V (+-)-Asarinin (+) Episesamin 
(a) wie Sesamin 
(b) (3.4).(3’.4’)-Bis-methylendioxy-(7.9’).(9.7’)-bis-epoxy- 


(c) 
(31) 2:2:IV (—)-Asarinin = (—)-Episesamin H=—C 


(a) wie Sesamin 

(b) 

(c) lignan 

Hearon 998: Erdtman 441: Karrer 1155; neuere Literatur 


wie )-Pinoresinol 


(32) 2:2:1V (--)-Epiasarinin Diasesamin**~** (Kur stproduk t) 


(a) wie Sesamin 
(b) 


(c) 


C 


OCH, 


é 


C—H 


123 
| 
| 
| 
C---H 
C— 4 
| 
4 
Hoe CH 
O—CH 


K 
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3) 2:2:V Gmelinol )-8-H ydroxy-pinore sinol-dimethyldather 

(a) 


)-bis-epoxy- 


(c) (8S.8°R)-8-Hydroxy-4.4 -dimethyl-7.9°.9.7 


bis-epoxy- 


1156 
ing haben. Wird zu 


Aus Grinden der 


oxy-benzyl]- 


an-olid-(9.9") 


3.4-methylendioxy- 
ohd+49.9") 


Karrer 1169 


4-hydroxy- 


iphthalin-3 


a-cyclolignan-olid-(9.9°) 


n 442: Karrer 1175 


il 
HL 
OH-8) und ISSC cis-Ste 
zp 
Dre ents] ht wahrscheinlich dem (4 ) 
; (34) 2:2:V 
35) 2:2:V A hy mata ne 
‘ y-phe buta 1-(4.1) 
HOH CH 
3 
(c) 
OH 
4 bu (41 
(b) 4.4°.8°-1 xv-3.3'-dimethoxy-lign 
(c) 8 -Hydroxy i i ) 
0 
HC co (37) 2:2:V ( )}-Saviniv 
HC (a) 3-[3.4-Methylen-dioxy-benzyl]-2-| 
(b) 
Hearon 969: Erdtman 443, 448; 
carb | ction 
Cc 
ivy 
(c) (SSR SR) 
JUN 
Hearon 1031; 
OH On 
* BR. Carnmalm. Svensk Kem. Tidskr. 71, 440 (1959) 
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“VI 


)-Oxo-matairesinol™ 


droxy-3- 


methoxy-benzoyl]-butanolid-(4.1) reve CH 
(b) 4.4 -Dihydroxy-3.3 -dimethoxy-7-oxo- 
) 


(c) 


3:0:\ 


(40) 


3 Hydroxymethy S-trinn thox\ phe nvl)- HC CH 


1 


(b) 3.4.5 
Karrer 117 


4 


lerner 


(41) 3:2:V ¢ )}- Dehydroxy-podophyllotoxin 


Silicicolin, Anthricin, Hert 


(a) 


lignan-olid-(9".9) 


(c) 7R.SR.B'R H.CO OCH, 


Hearon 1027: Erdtman 444: Karrer 1176 ICH, U~Un 


2 Vi )}-Sikkimotoxin 


3-hydroxymethyl-1-[3.4.5- 


7-din 


nethoxy pheny]] 1.2.3.4-tetra 


4-Hydroxy-6 


tri 


cardonsaur©re n 


nan-olid 


(b) 


445: ferner H OCH OCH 


saron 1057: Erdtman 


2 Vi ¢ ) De rile thyl podophyllotoxin 


oc 
(a) 
[4-hydroxy 3.5-dimethoxy phenyl] 1.2.3.4-tetrahydro- C — 
naphthalin-2-carbonsaure-lacton 
(b) 
7. 
(c) 
H.CO O 


Hearon 1015: Erdtman 447: Karrer 1184 


” Ch. Hata. J. Chem. Soc. Japan 63, 1540 (1942): Chem. Abstr. 41, 2917 (1947) 
*! R. Chatterice u. 8. C. Chakravarti, J. Amer. Pharn issoc. Sci. Ed. 41, 415 (1952): Chem. Abstr. 47, 5920 
R. Chatterjee u. D. K. Datta, Jnd. J. Physiol. Allied Sci. 4, 61 (1950) 


(1953); 


2 
OH OH 
or CH, 
HC CH 
: H.CO OCH, 
oc H 
Oc ¢ 
Mectnoxy-pne 1.2.3.4 tetrahydronaphthalin-2- 
: carbonsaure-lactor H---C 
(b) 
42) 
Oc 
CH 
H( HCOH 
‘ OCH, OCH, 
fy 
43) 3 
OH O-—-CH, 
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(44) 3:2:VI )}-Podophyllotoxin 


(a) 


thalin-2-carbonsaure-lacton 


‘ 


4’-methylendioxy-7 ’-hydroxy- 


man 466: Karrer 1182; ferner™ 


in (Kunstprodukt aus Podo- 


xymethyl-1- 


hydronaphthalin- 


hydroxy- 


1180 ; ferner 


droxymethyl-1 


»-carbonsdure- 


hydroxy- 


xymethyl-1 


4-tetrahydro 


i-cyclolignan 


rioresinol C) 


ethoxy-phenyl]-3.7-dioxa- 


)}- Bis-epoxy-syringa-lignan 


133] $7) 
8, 941 (1954 9, 346 (1955) 
hi 80, 1013 (1960): Chem. Pharm. Bull. 8, 169 (1960) 


79 (1958) 


OCH 
oroxin) 
Oc 
b) 3.4.5-T etl 
CH H 1019; Erdtman 447; Karrer 
46) 3:2:VIIL Dehvd phy 
) 4-Hydroxy-6.7-met lioxy-2-hy - : 
+.4.5-trimethor phthalin- i 
Hear 1030; Karrer 1186; ferner 
+ $7) 3:3:111 )}- Dimet ariciresino 
yor nol) 
Hydroxy-6.8-dimethoxy-2.3-bis-hydro 
4.9.4 Tetr 5 
HCO 
(48) 3:3:1V (Li 
+ CH (a) 2.6-Bis-[4-hydroxy-3.5-din 
130 ctan 
b) 4.4’-Dihydroxy-3.5.3',5 -te 
EPOXY x8 '-lignar 
(c) 
OCH 
OH 
4 A y. Wartburg. I Aneliker u. J. Ret 
i 3 Chr. Jérgensen u. H. Kofod, Acta ¢ 
Yasue u. Y. Kato, Yaku Z 
% EE. Dickey, J. Ore. Chem. 23, | = ay 
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(49) 3:3:1V (+-)-Episyringaresinol™:* 
(Lirioresinol A) 
(a) wie (+-)-Syringaresinol 
(b) 4.4’-Dihydroxy-3.5.3’.5’-tetramethoxy-(7.9’).(9.7’)-bis- 
(c) 


(50) 3:3:V a-(—)-Peltatin 


(a) 
(4-hydroxy-3.5-dimethoxy phenyl)-1 2.3 4-tetrahvdro- 
naphthalin-2-carbonsdure-lacton 

(b) 4.2’-Dihydroxy-3.5-dimethoxy-3’.4’-methylendioxy- 

(c) 7R.BR.8'R 

Hearon 1022, 1026; Erdtman 445, 448: 


— )- Pe 


Hydroxy 

8 
(c) 
Hearon 1022 


He C CH, 
H.CO OCH, 
: OH 
oc CH 
H---C 
C CH 
: H CO 
0 
(a) oC ‘ 
thalin-?-carhones 
" A. Stoll, A. v. Wartbu 1. J. Renz. J. An ‘ S 77, 1710 (1955 
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VERZEICHNIS 
Name I K lassifizierung 


Allohydroxymatairesinol 
Anthricin 
Arctigenin 
Asarinin 
Conidendrin 
Cubebin 


Dehydro-podophyllotoxin 


tv iv iv iv 


Dehydroxy-podophyllotoxin 
Demethy! podophyllotoxin 
Dia 

Din 

Dit 


nol-monomethylather 


varesinol 


tv tv te 


te tv 


> 


methylather 


uajakharzsaure 


atv tv iv 


Seco-isolariciresinol 
Sesamin 
Sikkimotoxin 
Silicicolin 
Symplocosigenol 


Syringaresinol 


tv tv 


tJ 


Trimethoxypheny! oxymethyl-tetra-hydro- 
naphthalin-carbonsaure-lacton 


35 
19 IV 
30, 31 IV 
ik V 
14 
4] 
32 
47 il 
vethylather 2 0 - 
9 Il 
Ep 32 
E pipinoresinol 24, 25 
Episesamin 10, 31 
Episy in 9 
Eudesmin 22, 23 2:1 
a Fagarol 29 2:1V 
Qsaidacin 6 2:11 
7 
Galbelgin 2:11 
Qsaicatin 4 2 l 
(saligravin 2:11 
I le gion \ 
Hvdroxv-matairesin 34 2:\ 
Is riciresinol 12 2:11 
Iso-olis 16 2:IN 
Isotaxiresinol 13 2: 
2 
Lariciresinol 2:11 
Liovil 2:1V 
Lirioresinol 48, 49 
Lvoniresinol 47 
19 
Olivil 15 IV 
Oxo-matairesinol 39 VI 
Pe it n ) 5 \ 
Phillygenin % 1\ 
Picropodophyllin 45 VI 
Pinopalustrin 6 \ 
Pinoresinol 1\ 
92 
Pinoresinol-dimethy lather 22, 23 
Podophyllotoxin 44 Vi 
Sa 
10 
27, 28, 29 IV 
42 VI 
4] \ 
25 
48 
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CHEMICAL EXAMINATION OF WEDELIA 
SYNTHETIC ANALOGUES OF WEDELOLACTONI 


Tr. R. GOVINDACHARI, K. NAGARAJAN and P. C. PARTHASARATHY 


Departi vent of Chemistry, Presidency College, Madras 


(Received 20 March 1961) 


Abstract—The syntheses tl and trimet -coumari 3.4’ :3,2)coumarones 


(Ila and IIb) are described 


SOME time ago we had isolated a crystalline substance named wedelolactone from the 


fresh leaves of Wedelia calendulaceae.' The structure of this compound as > .5.0- 


trihydroxy-7’-methoxy-coumarino(3’.4’:3.2)coumarone was proved by degradation? 


as well as by synthesis of its tri-O-methyl ether. Subsequently Bickoff er a/.,* reported 
the isolation from ladino clover of an estrogenic substance, coumestrol which was 
shown to be 6,7'-dihydroxycoumarino(3’,4’:3,2)coumarone by degradation as well as 
by synthesis. It was of interest to prepare some analogous compounds for comparative 
pharmacological tests, so that the structural features necessary for estrogenic activity 
may be revealed. As part of the programme, we have synthesised 7’-methoxy- and 
5’,7',6-trimethoxycoumarino(3’,4’ :3,2)coumarones (Ila and IIb) by the route employed 
in the synthesis of tri-O-methylwedelolactone.* 

Condensation of 2-hydroxy-4-methoxyphenyl o-methoxybenzyl ketone® with 
diethyl carbonate and pulverized sodium afforded in satisfactory yield 4-hydroxy-7- 


methoxy-3(0-methoxyphenyl)-coumarin (la). The latter, on treatment with pyridine 


TT 
Al 


o:R=H 
R=OCH b: R=OCH, 


hydrochloride followed by subsequent methylation, gave 7'-methoxycoumarino- 
(3’,4’:3,2)coumarone (Ila). Likewise :3,2)coumar- 
one (IIb) was obtained from the corresponding coumarin (Ib) by fusion with pyridine 
hydrochloride followed by methylation. 

In an earlier publication,’ we had reported the reduction of the compound III by 


R. Govindachari, K. Nagarajan and B. R. Pai, J. Chem. Soc. 629 (1956) 
R. Govindachari, K. Nagarajan, B. R. Pai and P. ¢ Parthasarathy, J. C/ 
R. Govindachari, K. Nagarajan and P. C. Parthasarathy, /. Chem. Sox 
M. Bickoff, A. N. Booth, R. L. Lyman, A. L. Livingston, C. R. Thompson and f is, Science 126, 
969 (1957) 
M. Bickoff, A. L. Livingston and A. N. Booth, Arch. Biochem. & Biophys. 88, 262 (1960). 
®* P. K. Grover and T. R. Seshadri, Proc. Indian. Acad. Sci. 38, 122 (1953). 
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lithium aluminium hydride. One of the products isolated by decomposing the 
reaction mixture with dilute sulphuric acid was considered to be 3,4-diethoxy-6- 
hydroxybenzyl alcohol (IV). However, the benzoate of the compound on treatment 
with alkali and diethyl sulphate gave a product identical with 2,4,5 2’ 4’ ,5'-hexa- 
ethoxydiphenylmethane (Vb), prepared from 2,4,5-triethoxybenzaldehyde by reduction 


with sodium borohvdride followed by treatment with acid. Hence the reduction 


droxydiphenylmethane (Va) 


ilcohol (1V) during the process 


i Beckmann 


salt that 
Water (50 ml) 
ongo-red, The 
thanol was obtained 


H,,O requires: 


e at 100° for 1/2 hr, formed colourless 
H,.O, requires: ¢ 67:1: H, 4.7 
coumarin (0-2 g) with methyl iodide (1 ml) and 


potassium carbonat g) iry acetor r hr, had m.p. 119°, colourless cubes from 


aqueous methanol (Found ; : O, requires: C, 69:2; H, 5-1 %) 


:3,2)coumarone 


The foregoing hydroxycoumarin (1 g) was heated with dry pyridine hydrochloride (8 g) at 220 
in an atmosphere of nitrogen for I hr. The reaction mixture was then cooled and treated with water 
(20 ml). A brown semi-crystalline alkali-soluble mass separated on leaving in the ice-chest overnight. 
This was collected, washed with water and dried. After sublimation at 200°/1 mm and crystallization 
from methanol, 7’-hydroxycoumarino-(3' 4’ :3,2)coumarone (0-5 g) was obtained as needles, m.p. 285°, 
Amax 240, 295, 330 my (log ¢ 4-15, 3-95, 4-32) (Found: C, 71-6; H, 3-4. (C\sH,,O, requires: C, 71-4; 


H, 3:2°%) 


? T. R. Govindachari, K. Nagarajan and P. C. Parthasarathy, J. Chem. Soc 912 (1958) 


H.C 
H.C. OCH, - 
ry 
RR 
~ > 
product should actually be 3,4,3',4 -tetracthoxy-6,6 (ih 
. 
of rolation : 
EXPERIMENTAI 
M po Ulu bsor yn spect ng 
Mode Dl spectrop elk 
n 
2?-Hvdroxy-4-met x Ketone (2 g let! carbonate (25 ml) containing 
pulverize er ith for 40 Ihe gra 
sep treated i ec Ol methanol to dec pose excess s 
was addc ind the Ile repeated ktractior vil ether, made acid 
coum § ep ted oul wi cl on crystal ition Irom me 
as colourless needle p. 178 313 my (log 4-3) (Found: C, 68-6; H, 48. C,, 
C, 68-5; H, 
i} 
Phe acetate, prepared by use of acetic anhydric 
needles from acetic acid, m.p. 163° (Found: C, 6 
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The acetate, prepared by use of acetic anhydride and pyridine in the cold, was obtained as needles, 
m.p. 105-106", from acetic acid. (Found: C, 69:2; H, 3-4. C,-H.»O; re juires; C, 69-4; H, 34%). 


7'-Methoxycoumarino(3’ 4’ :3,2)coumarone (Ila) 


The above hydroxylactone (0-5 g) was refluxed with methyl iodide (2 ml). actone (20 ml) and 


potassium carbonate (2 g) for 4hr. After removal of acetone, water was added and the residue was 
washed with alcohol and then crystallized from acetic acid to vield colourless needles of 7’-methoxy 
coumarino-(3' 4’ :3,2)coumarone 2), m.p. 195-196". 7 240, 295, 330 mu (log 4:2, 3-95, 4-35) 


(Found: C, 72:2; H, requires: C, 72:2; H, 3-8°%) 


.6-Trimethoxycoumarino(3’ 4’ :3,.2)coumarone ({1b) 


2-H ydroxy-4,6-dimethoxyphenyl 2.4-dimethoxybenzyl ketone 2,4,6-Tr hydroxyphenyl 2,4-dime- 
thoxybenzyl ketone (1 ¢), methyl sulphate (OY g), potassium carbonate (3 ¢) and acetone (25 ml) 
were heated on a water-bath for Shr. The residue (1 g), after evaporation of the solvent. vielded 


s from alcohol, m.p. 137-138° (Found: C, 65-3; H, 6-1. CjsHoO, 


the ketone as colourless prisn 


requires: C. 65-0: H. 


2.4-dimethoxyphenvyl 


) wnarin (tb) 


-5,7-dimethoxy- 


4-Hydrox, 


Cyclization of the above ketone (1 g) with diethyl carbonate (20 ml) and sodium dust ( g) during 
| hr, gave the coumarin (0-8 g) which separated as needles from acetic acid, m.p. 227°, Amax 317 mu 
(log 4-22) (Found ( 63-8 H, 5-2. ¢ H,.O. re uires ( 63-7 H,. 5-0 ) 


The methyl ether (0-1 2) prepared by the usual procedure, was obtained from aqueous alcohol as 


needles, m.p. 171° (Found: C, 64-7; H, 5-6. CyoH »O; requires: C, 64-5; H, 5-4%) 


5’, 7',6-Trimethoxycoumarino(3’ 4’ :3,2)coumarone 


he foregoing hydroxycoumarin (0-1 ¢) was heated with dry pyridine hydrochloride (3 g) at 250 


in a current of nitrogen for 4 hr, cooled, and treated with water. The brown s separated was 

methylated with methyl! iodide in the usual manner yield, 5, 6-trimethoxvcoumarino(3’ 4’ :3.2) 
coumarone (50 mg), crystallizing in needles from acetic acid, m.p. 230°, 7 250, 345 my (log ¢ 4-27, 


4:37) (Found: C, 66:2; H, 4-1. C,,.H,,O, requires: C, 66:3; 4-3 


(Vb) 


The dibenzoate* (20 mg) was warmed on the water-bath with aqueous potassium hydroxide 
(1 g in 10 ml) for 1 hr, and to the resulting alkaline solution was added diethy sulphate (1 ml) with 
shaking and warming. The reaction mixture was made distinctly alkaline to litmus and left overnight 
in the ice-chest. 2,4.5:2'.4'.5'-Hexaethonx vdiphenylmethane separated out as needles from methanol, 
m.p. and mixed m.p. 93°, with an authentic specimen prepared as below 


2,.4,5-Triethoxybenzaldehyde (0-5 g) in warm me nol (10 ml) was treated with sodium boro- 


hydride (0-2 g) with occasional shaking. Next morning, the reaction mixture was rendered acidic 


with dil 4 N HCI (20 ml) and the gummy material that separated solidified on digesting with alcohol 
to yield 2,4,5:2',4',5-hexaethoxydiphenylmethane, crystallizing in needles from alcohol. m p. 93 


(Found: C, 69:7; H, 8:4. requires; C, 69-4; H, 8-3°%) 
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ECHITAMINE 


Tl. R. GOVINDACHARI and S. RAJAPPA 


Depart ent mistry, Presidency College, Madras 


Abstract —Res 

aiscussea 
the first 
prepared 


of 


re Tetrahedron, 1961, Vol. 15, pp : 4 Pergamon Press Lid. Printed in Northern Ireland eee nee 
(Re 16 March 1961) ee. 
‘ and analysed several crystalline derivatives and furnished evidence for the pr-7/i// 
in indole ring and a cal ethoxy group. There has been a tren ‘ndous upsurge of 
interest recently on the structure of echitamine as evidenced by the spate of publications 
, on this proble ‘ the st two veal * We ve been carrying out studies on 
ec imine for so! e and parts of our work xcen published already in the 
out it rent it le sar \ ( system’> 
ettl e X-1 thod i fra). Under these 
cir paper s of our work on echitamine 
H N ted that 
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ni | tea DY more caroon 
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rm RN. R Sir R Rot ] ers No. 
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The infra-red absorption spectrum of echitamine chloride showed bands at 3-04 
(OH), 3-17 (NH), 5:79 (—COOMe) and 13:2 uw (o-di-substituted benzene), but no 


band near 4°15 uw (==NH). 

The ultra-violet absorption spectrum of the acetyl derivative of echitamine 
chloride (A, 235, 295 mu log ¢ 3-94, 3-50) indicated clearly that N,-acetylation had 
not taken place. That only O-acetylation had occurred was further supported by the 
infra-red absorption spectrum which showed bands at 2-92 (NH), 5-70 and 8-14 4 
(OAc) 

Mild alkaline hydrolysis of echitamine chloride gave demethylechitamine,? which 
was easily shown to be a betaine. In the infra-red absorption spectrum, the ester band 


5:79 « had disappeared, and instead, the COO band made its appearance at 


Reduction of echitamine chloride in aqueous solution at atmospheric pressure 
and room temperature in presence of Pd/C gave a tertiary base, m.p. 150-165", which 
undoubtedly contained only thre cygen aton Since even carbinolamines were 
unlikely to undergo hydrogenolysis under the extremely mild conditions of this 
reduction, at a arly st yf our work we suggested the sibility yf echitamine 


chlo ide being a ie I -xpiana va il! ven 


by Conroy et al. who ested tha proximate product of reduction was so 


constituted as to lose ; ) eo ethanol with formats f a lactone. The 


ited 


intra- 
4-()7 


ecnitamine 


° 
6-95 
: reduction product was named echitinolide by these authors and correctly formula 
as ( Fee Wi ca ( e concil Tel iependentlyv or the pasis ot 
ecnitll ( ted Dv Conroy ef 
e ro ‘ e chloride 
4 N H CH N 
hot | iC aci 
rp p tinolide show 1X t 947. 31 
hd on On t isis of the worl Hodsor 
and S Cal ‘ t N I ire separated Dy a Singie cardon aton 
‘ 
Echiti de sli int i ibsorption band t 2-75 (OH), 2°88 (NH) and 5-80 a 
(d-lactone Acety ion of echi ide u orous ct iti led a diacetyl 
aerivative n.p. 210-214 in which N Deen acetyiated as indicatcc 
5 
read mand at OU mw) ind ultra spectra 1 log 
282 n log ¢ 3-53) and a positive Otto reaction. Hence echitinolide (.x_—_ 
* Cf. however, reference ° 
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Mild alkaline hydrolysis of O,N- 
m.p. 160 163° (amide band at 


work on echitamine in 


conclusive 


O.N-Diacetate 


was reduced in presen to vicld a non-crystalline amino acid (no band in the 


carbony! region h on warming with dilute acid yielded isoechiti- 
nolide The latter therefore cannot contain the carbomethoxy group present in 
echitamine chloride. Two of its oxygen atoms should be present as part of a lactone 


system. N-Acetylisoechitinolide has no active hydrogen and isoechitinolide can be 


publication ol Birch ef a 


nolide and 


ce in their 


reported m.p and ours 


‘ 
a chloride also) should contain a free N,H group. ee 
4 Independent Birc a reported results of (ther 
broad emet those discussed above.* They further provided 
evidence for 1 e of an ou i ne chioride and echiti- : 
nol ine | oly of these com- 
pounds. | they odified Kuhn—Roth 
thoug é for this d s obscu pre ec of an ethylidene group 
in ex le « re 1 n as setticd there is no indication in the 
On wal ing age wil giiut ineral acid, an isomer tsoechitinolide, m p ; 
1 OU”. » Dd the OH reg ) was identical Wi e product obtained Dy 
wal N-acety W liiute ack ide Was a tertiary Dasc 
analysing ! like echit e. lsoechitinolide could also 
be obtained by 1 following sequence of reactions (Chart 1): Demethylechitanune bse 
N 
Echitamine chioride Demethylechitamine 
> 
b4 N 
HC 
N-Acetylechitine 
HC} 
- 
soecnitir Je 
be 
N-Acetylisoechitin« C.,H,O.N 
4 
Chart | 
* We have not had access so far to the material in refs. 2 and 3 in the ey /.* . 
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recovered unchanged after refluxing with methanolic sodium borohydride. The 
third oxygen atom should therefore be present as an ether function. In agreement. 
the infra-red spectrum of isoechitinolide does not show any absorption in the hydroxyl 


region, and shows a peak at 5-7 uw characteristic of a d-lactone. Ozonolvysis of iso- 


echitinolide did not yield any volatile product unlike echitinolide, and N-acetyl- 
isoechitinolide was recovered unchanged afte prolonged treatment with osmium 
tetroxide-sodium metaperiodate. There could be no doubt that the ethvlidene group 
present in echitinolide had disappeared as a result of addition of some sort. These 
results could be rationalized only if echitinolide were itself a lactone and isoechiti- 
nolide arises from it by addition of a hydroxyl group to the ethylidene group under 


acid catalysis with formation of a cyclic ether. Modified Kuhn—Roth oxidation of 


isoechitinolide did not yield any propionic acid (paper chromatography). The N.M.R. 


spectrum of 1soechitinolide, however howed conclusive evidence for the formation 
of an ethyl group attached to a carbon | ing no hydrogen atoms, a feature not 
present in the N.M.R. spectrum of echitinolide. (Triplet centred at 7 9-38, J 7 
Cps,. quartet centred at 8°69, J 5S Cps) 


Earlier we had inferred on the basis of U.V. absorption data that echitinolide 


adsorption maxima a + ) nanged Dy kali 


In 


could 


Echitinolidemethine was also stable to oxidation by potassium ferricyanide. suggesting 


that the indolinol hydroxyl group was tertiary Although fully aware that N,- 
unsubstituted 2-hydroxyindolines might be too unstable to exist, and readily change 


over to the corresponding indolenines, it was considered likely that in the present 


instance some structural feature stood in the way of such dehydration. 

Reduction of echitinolidemethine with zinc and hydrochloric acid yielded desoxy- 
isoechitinolidemethine, 0,N,, m.p. 200-203°. In the formation of this com- 
pound not only had the indolinol hydroxyl group been hydrogenolysed as expected, 
but the addition of a hydroxyl group to the ethylidene function had also taken place. 


** E. Stedman and G. Barger, J. Chem. Soc. 127, 247 (1925) P. L. Julian and J. Pikl, J. Amer. Chem. Soc. 
57, 539 (1935) 

1° M. Polonovski and M Polonovski, Bull. So« Chim 23, 335 (1918): H. } Hodson, G. F. Smith and 
J. T. Wrobel, Chem. & Ind. 1551 (1958) 
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The U.V. absorption spectrum of this compound in ethanol solution showed maxima 


at 247. and 307 mu (log ¢ 3-97, 3-59) unchanged by the addition of acid, since the 


possibility of recvclization with formation of the N ( N» system no longer 


after the removal of the indolinol hydroxyl gro 


In an attempt to obtain a clue to the skeletal st ure present in echitamine, 


existed 


echitinolide was submitted to selenium dehydrogenation. The product, echitamyrine, 
was identified as | -methylpyrrolo (2° :3'-3:4)-quinoline (1), by comparison 


with an authentic sample obtained ver ; ite oxidation of calycanthine 


la 
hvydroindole 


naper* in which st 


inolide and IV for tsoec 

CH,OH 

heating with potassium 
amine being 


appeared to be quite in 


keeping 
ultra-violet a 
presence of an N systen According the 


compound having the structure II suggested for echitamine chloride would ye expected 


Dsorpuiol lati mainiy on the Dasis Oo nich we had suggested the 


of Hodson and Smith* a 


to show indoline absorption in 1 nd benzenoid absorption in acid 


solution. In fact compounds of closely as hemitoxiferine-I" 
and tetrahvdrofluorocurarine™ do exhibit this behaviot According to Conroy et al. 
the failure to protonate due to steric hindrance in 
the neighbourhood of in their structure II hypsochromic shift observed in 


the case of echitinolide and isoechitinolide in acid solu 


in conformatio! the N C., bond from axial to equatorial 


i by Sir Robert Robinson er al. for echitamine chloride 


The structure proposed 


tion was supposedly due to a 
change 


differs only in minor detail (about the placement of one of the hydroxyl groups) from 


‘ 


that of Conroy et a/. TI ructure put forward by Chatterjee ef al® is clearly unten- 


able since echitamine chloride has undoubtedly a free NaH group 
In their later publication®® Birch et a/., while conceding that the structure ll 


advanced by Conroy ‘goes a long way towards interpreting the known reactions of the 


alkaloid’ have drawn attention to a number of facts which make this structure less 


tsh. 79, 11 (1948); K. Biter, /bid. 79, 17 (1948); K. 


287 (1958) 


rrer, He im. Acta 42, 461 (1959) 


‘a 
| 
Echitamyrine could conceivably arise either fron ra p-type di 4 
alkaloid with equal facility and did not therefore prove to be of value in the tormu- : 
lation of structure for echitamine 
When most of the work outlined above had b yncluded, Con: et al, pub- as 
lished a SEB ructure Il was advanced for echitamine chloride, III for ee 
hi 
t-bult 
formulated as V. The arguments advanced by Conroy e/ a/. 
it £. Spiith. W. Stroh, E. Lederer and K. Eiter, Mone 
Eiter i M. Nagy, /bid. 80, 607 (1949) 
2 A.R.B sby and H. F. Hod Proc. Chem. Soc. 
13 W. von Philipsborn. K. Bernauer, H. Schmid and P. Kas . 
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acceptable. The most pertinent objection in our view is the following: O,O-diacetyl- 
echitamine chloride was hydrogenated (Emde) to a di-O-acetyl base, in which there is 
no possibility of any conformational transformation of the type suggested by Conroy 
etal. Still, it shows the hypsochromic shift of 10 mu of both maxima in acid solution, 


associated with the presence of an Na—C—Nyp system. Birch ef a/. have concluded 
that the most acceptable structure for echitamine chloride would be one in which 
this system was present. 

Subsequent to the publication by Conroy e/ a/., we also carried out certain experi- 
ments whose results cannot be satisfactorily explained on the basis of the structures 
ascribed by these authors to echitinolide and isoechitinolide. Conceding that the 
presence of an electron-withdrawing carbomethoxy group in the neighbourhood of 
Na might prevent protonation of Na, we reduced echitinolide with lithium aluminium 
hydride to a non-crystalline alcohol (No I.R. band in the carbonyl region). The 


reduction product showed indoline absorption in neutral solution, and only the usual 


hypsochromic shift even in 5N acid solution, but not benzenoid absorption. Similarly 


isoechitinolide was reduced to a diol which was characterized by the formation of a 


ae 
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crystalline O,O,N-tribenzoate, m.p. 214° (LR. bands at 5-83, 6°15 4; no band in the 
2-5-3 uw region). On the basis of Conroy’s structure for isoechitinolide one would 
have expected only a O,N-dibenzoate, since the carbinolamine hydroxyl would 
surely have hydrogenolysed under the conditions of reduction. 


In a further attempt to obtain evider ‘or the correctness of structure II proposed 
duced with lithium aluminium hydride 

ated with 4 N hydrochloric acid leading 
The last cor ipound should 
Two compounds 


from Wieland 


Comparison of our 


npound itter show that there were distinct diffe twee 1c two 


ne bromide 

i by us and 

by Birch ef a/.. on the basis iltra-violet ; rption characteristics. Independent 
confirmation his strt ire has been ined S. Ramaseshan” working on 
anhydrou tals itamine iodide and chlori ilso by the X-ray method. On 
the basis of this structure, echitinolide, 1 hi ide and alloechitamine can be 
formulated as VIII 


carbonyl group and erved bi n i/., is equally feasible with the new 


1X and X respectively insannular interaction between a 


correct formulation of alloechitai t 1 a matter for surprise that two 


structures like Il and VII ! schitat iloride hich are so utterly dissimilar 


should be able to account for 1 the experimental results with equal facility 


The structure VII now established for echitamine chloride could conceivably 
arise from an intermediate of the type XI derivable from a normal yohimbine type 
precursor by Woodward fission of ring E and cleavage of the C,—N» bond. Oxidative 
coupling of C,, with C, of this intermediate in the indolenine form and formation of 
a Npy—C, bond would lead to structure VII. The hydroxyl group at C; is at a position 
compatible with this scheme 

On the basis of structure VII for echitamine chloride, desoxyisoechitinolide 


methine should be formulated as XII. This compound exhibits indoline absorption 


* We are extremely grateful to Prof. P. Karrer who carried out this comparison 
4 K. Bernauer, F rlage, W. v. Philipsborn, H. Schmid and P. Karrer, Helv. Chim. Acta 41,2 293 (1958) 
% J. A. Hamilton, T. A. Hamor, J. Monteath Robertson and G. A. Sim, Proc. Chem. Soc. 63 (1961) 
16 H. Manohar and S. Ramaseshan, Curr. Sci., India 30, 5 (1961). We are deeply indebted to Prof. Robertson 
and Dr. Ramaseshan for communicating their results to us in advance of publication 
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even in 0-1 N acid solution, instead of benzenoid absorption as expected. Allo- 
echitamine, now formulated as X exhibits indoline absorption in 0-1 N hydrochloric 
acid, but benzenoid absorptions in 5 N acid. In both these compounds Np is separated 
by more than three carbon atoms from Na and the spectral behaviour should be 
ascribed to the proximity of the carbonyl function in these compounds to Na. The 
situation is analogous to that in compound XIII which shows indoline absorption in 


0:2 N hydrochloric acid, and benzenoid absorption only in 2:5 N acid." 


Robinson and G. F. Smith, J. Chem. Soc. 4574 (1960). 
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Echitamine base was obtained as a crystalline benzene solvate Conroy ef a/.* On 
the basis of the new formula for echitamine chloride, the base can be ascribed struc- 


ture XIV in keeping with the properties ascribed to it by these authors. 
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In another experiment, the ozonolysis was performed in chloroform solution, and the volatile 
aldehyde after decomposition of the ozonide with zinc dust, collected in a solution of dimedone. 


Formaldehyde dimethone (10 mg from 0°45 g echitinolide), m.p. and mixed m.p. 191°, was obtained 


O,N-Diacetylechitinolide 


Echitinolide (0-5 g) was refluxed with pyridine (a few drops) and acetic anhydride (15 ml) for 12 hr 
It was then cooled and poured on crushed ice. The solution was basified with ammonia and ether 
extracted. The dried (Na,SO,) ethereal extract was evaporated and left in vacuum to remove 
pyridine Crystallization of the residue from methanol gave colourless crystals (300 mg) of the 
O,N-diacetyl derivative, m.p. 210-214". / 255 my (log 4°07); 282 my (log 3-53). (Found: 
C, 68-7: H, 7-0. requires , 68-5; 


N-Acet vilechitinolide 
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benzene light petroleum to give isoechitinolide (sec below) (200 mg), m p. ar nixed m.p. 182 
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They reported that (— )-3-methoxy-N-methylmorphinan (IIL) does not melt at 146°, 
but at 109-I11°. As a result of their work, it has been certified that desoxydihydro- 
thebacodine obtained by Speyer et a/. is not (—)-3-methoxy-N-methyl-morphinan. 
And since then no one has succeeded in eliminating the 4-hydroxyl group of the 
alkaloids related to morphine. 


Sowa? succeeded in cleav ing 2-methoxydiphenylether (V) into anisol and phenol by 


treating it with sodium in liquid ammonia and Tomita® applied this reaction to 
some alkaloids of the biscoclaurine group and obtained two kinds of coclaurine 


CH.O CH;0 


OH 
> 


Isotetrandrine 


OCH HO 


derivatives. These compounds all have the methoxyl group in the ortho-position of 
the ethereal oxygen linkage and no substituent in the para-position of same. 
Sinomenine is an alkaloid isolated from the roots of Sinomenium acutum Rehed et 
Wils by Ishiwari’ in 1920 and its structure was determined as VI by Kondo and Ochiai® 
and also by Goto. 
Desmethoxydesoxodihydrosinomenine )-tetrahydrodesoxycodeine (VIL) was 
prepared from sinomenine (VI) by the Clemmensen reduction. We carried out the 
Ullmann reaction on this compound (VII) with bromobenzene in a pyridine solution 
in the presence of finely powdered potassium carbonate and copper and its 4-phenyl- 
ether (VIII) was obtained in about 50 per cent yield. 
P. A. Sartovetto and F. J. Sowa, J. Amer. Chem. Soc. 59, 603 (1937); A. L. Kranzfelder and F. J. Sowa, 
Ibid. 59, 1488 (1937): F. C. Weber and F. J. Sowa, /hid 60, 94 (1938) 
M. Tomita, E. Fujita and F. Murai, Yakugaku Zasshi 71, 226 (1951); M. Tomita, Y. Inubushi and H. 
Niwa, /bid. 72, 206 (1952) 

7 N. Ishiwari, Chugai Shimpo 959, 1 (1920) 


*H. Kondo and E. Ochiai, Yakugaku Zasshi, No. 549, 913 (1927). 
*K. Goto and H. Sudzuki, Bull. Chem. Soc. Japan 4, 163 (1929). 
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Treatment of this compound (VIII) with metallic sodium in liquid ammonia at 
55 60° gave ( )-3-methoxy-N-methylmorphinan (IIT) in about 95 per cent yield 
together with phenol as expected. This compound melted at 109-111° and was not 
depressed on admixture with an authentic sample obtained by the method of Schnider. 


CH,0 


HO 


In order toe he application of this reaction, sinomenine was analogously 
treated with bromobenzc y the Ullmann reaction ield its 4-phenylether (LX) in 
about 85 per cent yiel he mmensen reduction of this compound was 
carried out, the 6-carbonyl and the 7-enolmethylether groups were eliminated simul- 
taneously and (+ )-3 .4-phenoxy-N-methyl-A*-morphinan (X) was obtained in 
about 90 per cent vield. However. the location of this double bond in ring C has not 
yet been determin d. This compound (X) was also obtained from dihydrosinomenine- 
4-phenylether (XI) and sinomeninone-4-phenylether (X11) by the Clemmensen 
reduction. 


Hydrogenation of the unsaturated compound (X) ovet Adams’ platineoxide 


afforded (-+)-3-methoxy-4-phenoxy-N-methylmorphinan (VIIL) in an excellent yield 


and sodium-liquid-ammonia reduction of X gave ( )-3-methoxy-N-methyl-A*-mor- 
phinan (XIII) in about 90 per cent yield. This desoxy base XIII was also hydro- 


genated to (-+-)-3-methoxy-N-methylmorphinan (III) in a very good yield. 


* We allot the diketon system to this compound tentatively because t compound may be 
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For the preparation of 4-desoxy compounds containing substituents in ring C, 
sinomenine-4-phenylether (IX) was treated with sodium in liquid ammonia and 
desoxysinomenine (XIV) and desoxydihydrosinomenine (XV) were obtained. The 
latter was also obtained from dihydrosinomenine-4-phenylether (XI) in an excellent 


CH,O 
CH,O 


HO o— 


yield by the similar reduction atment of sinomenine-4-phenylether (1X) with 
ethylene glycol and p-toluene-sulphonic acid gave the 6,7-diethylene glycol ketal (XVI) 
phenylether in about 65 per cent yield. The infra-red spectrum of 
this compound showed no absorption band due to the enol methylether and the 


of sinomeninone-4- 


carbonyl groups. Furthermore, > structure of this compound was confirmed on 
admixture with the sample obtained from sinomeninone-4-phenylether (XII). 
Dihydrosinomenine-4-phenylether (XI) was also converted to the 6-ethylene glycol 
ketal derivative (XVII) in a very good yield. These ketal derivatives XVI and XVII 
were treated with sodium in liquid ammonia to yield the ketal derivatives of the 
4-desoxy compounds XVIII and XIX respectively. Treatment of the ketal derivatives 
XVIII and XIX with dilute hydrochloric acid afforded the corresponding carbonyl 
compounds XX and XV. The infra-red spectrum of desoxysinomeninone (XX) 
showed an absorption band due to «,/-unsaturated ketone as in the case of sinomen- 
inone (XXII). The Clemmensen reduction of the 6-ethylene glycol ketal (XIX) of 


(XVII) of desoxy- 


desoxydihydrosinomenine and the 6,7-diethylene glycol keta 
sinomeninone did not afford the unsaturated compound, but (+ )-3-methoxy-N- 


methyl-morphinan (III) contrary to the case of the 4-phenylethers of the 


sinomenine derivatives. 
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EXPERIMENTAL 


Analyses of the compounds were carried out by Messrs. K 


All melting points are uncorrected 
Miyahara, Y. Daikatsu, T. Takaoka and Miss U. Kasugai. The infra-red spectra were determined 


by Messrs. Y. Matsui and M. Takasuka on a Koken D.S. 301 infra-red spectrophotometer 


Sinomenine-4-phenylether (IX) 


A solution of 16-5 g sinomenine in 50 cc dry pyridine was refluxed with 15-7 g 


bromobenzene, 10-3 g finely wdered K,CO, and y copper for 15 hr. The n 


cric ad 


ture was filtered 
The solvent was removed by distillation and the residue in 
vater and dr s chroma- 
on trom 
, 0-940, 


6°88: N, 
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the cryst 
meninone 212-214 ] loroform) 
LR. 78 535 (OH) (conjuga H, 6-61: N, 
3-35: OCH,: 10°80. requires 44; 11-42%) 
The hydrochloride crystallized from 10 HCI m.p. ‘ i [x] 61-9 2° (c, 0-47: alc.) 
(Found: C, 64°96: H, 6 2:92: Cl O.N-HCI-H,O requires 


64-64; H, 6°33; N, 4: 5: OCH,, 6°96 


149 
while 1 washed w py : 
4 pe | benzene, filtered, washed 3 t es witl 
tovt phed on alumina and the ben ; 
= benzene gave 20-7 g of the pure benze ‘ 
alc.). (Found: C, 76°92; H, 7-09; N, 2-76. C.,,H.-O,N-C,H, requires: C, 76°99; H, 
2-90 
lhe pyridine adduct separated on cooling the reaction mixture and crystallizing from pyridine, 
m.p. 120-123", 116°4 2° (c, 0-975, alc.). (Found: C, 74-51; H, 6°67; N, 5-78. C,;H.-O,N 
C.H.N requires: C, 74:35: H, 6°66: N, 
Che free base was crystallized from ether, m.p. 142-143 + 137-8 0-994, alc.). LR. : 
1690 (cx ited C—O): 1632 ¢ ol methylether.) (Found: C. 73-94: H. 7-07: N. 
3-27. C,,H.-O,N re C, 74-05: H. 6°75: N 15 
: Ihe picrate was prepared ether and crystallized from alcohol, m.p. 230-231 (Found: C, 
58-95: H, 4:93: N_&-83. 1 re C. 58-67: 4-77: N, 8-83°%) 
: Ihe methiodide was prepared dct red { cohol, m.p. 20¢ lec) 121-5 2 
(c, 0-969, alc.). (Found: C, 56-46: H, 6-04: N, 24-2: I, 21-31. C.,H.-O,N. CHgl requires: C. 
S66 H. 611 N, 2:36: 1, 21-39 
Dihydrosinomenine-4-phenylet/ 
, 4 solu of 12 ¢ of the be e adduc enine-4-phe ether 100 ce alcohol was 
hvdrove ver 100 A ) After ) ) f 700 cc the 
wit ic SOlut he cI », 208 ec vas 
il tative ( 02: H N. 8:32. ¢ H..O.N-C,H.O.N equires: 
H. 5-0 2.20 
samy the picrat verted to the ion Detween ether i dil NaOH 
The ether extracts were NaOH ( re chi yhed on 
al na ac ! Cryst iro ethe e pure 
dihydrosinomenine-4-phenylether, m.p. 149-154 + 2° (c, 0-904 LR 1730 
cn nc ited ( O (Foun 84: H, 7:25: N, 3-41. C,;H.0O,N requires: (¢ 
73-68 H. 7-17 N. 3-44 ) 
The methiodide cry ed from alcohol, m.; 255°(dec) Found: C, 56°57: H, 5-82: N, 2-44 
I, 23.21. ¢ H..O,N°CH,I requires: 6°83: H, 5-8 N, 2°55; I, 23-10%) 
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6.7-Diethylene glycol ketal of sinomeninone-4-phenylether (XV1) 


(a) From sinomenine-4-phenylether. A benzene solution of 4 ¢ of the benzene adduct of sinomen- 


ine-4-phenyiether and 10 cc ethylene elycol was refluxed with 3:5 g toluene p-sulphonic acid for 
7 br. with an “azeotropic” receiver to collect the volatile products Upon cooling, 10 Na,CO, was 
added to give a § tly ka e reactio und the 2 laver separated The alkaline solution was 
extracted with cl form and the ¢ le base chromatographed on alumina, the chloroforn eluate 
vie of ec de product vilacetate vielded 262 pure diketal 
det ive (65°,), 198-200 +7 4 2° (c. 1-037. alc.). (Found: C, 70:32; H, 6-94; N, 
2-96. C,.H,.O,N re re C. 70-12: H. 694: N, 2°92°). The infra-red spectrum showed no 
absorption d duc ‘ cart 1s 
The ct 1c ed cohol, m.p. 120 21-0 2 
(c, 1-093 C, 54:8 H. 618: N. 2-00: I, 19-69. requires 
C, $4.46; H, 5-99; N, 2 1, 19-85 
4 Xll \ te - < +-phe 
at The | e 8.200" a this 
wa icpre ‘ e-4-phe 
Et ” XVII) 
\ cc col w 
c 
H 
\ 
> 
Hi 2 
co NoQGH 
| \ 
(90 | 
) ( 2 
O25 LR CH--CH ( | H. 802: OCH 
14°55, H.ONCH OH ( H 3 OCH 
1-4 


H, 2-82: I, 23-43. ¢ HON CH.IC.HOH res 


= 
( H 64 N. 2 23-10°,) 
fi Lp. 211-212". C, 60°88; H 
ig conc H¢ ed dl er 
heated for ¢ er} vield » 1-62 @ of the c hase (91-5 The methanol adk ict M.p 
91-96" was not depressed on admixture with the sampic 
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)-3-Methox y-4-phenox y-N-methy lmorphinan (VI111) 

)-tetrahydrodesoxycodeine: VII). A pyridine 
( +-)-tetrahydrodesoxycodeine and 6-28 
for Upon 
The 


(a) From desmethoxydesoxodihydrosinomenine (( 


solution of 5-74 g desmethoxydesoxyd hydrosinomenine, i.e 
bromobenzene was refluxed with 3-14 £ finely powdered K .¢ O, and | £& coppe 
cooling, the reaction mixture was treated as in the case of the Ullmann reaction of sinomenine 
which crystallized from pet. ether yielding 3-7 g pure 


m.p 95.96 9-5 2° (c, 1-20, alc.). 


i} = 


benzene eluate gave 5-‘Se@ of crude product 
(+ )-3-methoxy-4-phenoxy-N methylmorphinan (51°) 
79:29; H, 8-06; N, 3-76. C,,H ,O,N requires: ¢ 30; H, 8-04; N, 3-85 
crystall rom alcohol, m 22? (Found . 60°57: 
H N, 
m.p. 237-238". +61 


(Found: ¢ 
The picrate was prepared in and 


49: N, 9-30. requ 60-80 


> methiodide w 


methanol 


was hy 


The con 1 with ether The p-nitrobenzoate 
| p-nitrobenz« 


m.p 129-130 was tified pheny C 
yi-A*-morphinan (X111). A solution of 0-18 ¢ )-3-methoxy-N- 


n the presence of 10 mg of 


The 


(b) From { 
methyl-A*-morphinan (XIII) in ¢ glacial acetic acid was hydrogenated 
1g 0-18 g of the crude base which was purified from ether 


Adams’ catalyst at room temp yieldir 


a 
151 
requires: C, 58-80: H, 6°95: N, 2-54: I, 23-01%) 
(b) From (~ )-3-methoxy-4-phenoxy-N-methyl-A*-morphinan (X) 4 solution of 12¢ of the 
adduct of (+ )-3-methoxy-4-phenoxy-N-methyl-A*-morphinan in 30 cc el 
} in ic celic acid 
drogenated over 501 Adams’ ca t ro temp After co mpt or mole 
: equivalent of hydroge tl! vas filtere entrate le basic 20 NaOH and 
extract in ¢ The crud ise W cn rapned o j ind the ¢ er ile ed 
po en cry pet. cther yiel pure product p. 
which was de essed xture n npic the Ullmann re icliol 
( + )-3-Methoxy-N-methyl-A*-morphinan (XU11) 
As f ethor 4-phenoxy-N et morp n 60 cc ry ether was 
adde 150 cx i cated 1 yw f met sodium 
Mil 
treatec NaOH. The ether 
2° (c, 0-968, alc). LR 1660 CH=CH). (Found: C, 80-03; H, 8-95: N, 4-98 
res: C, 80-25: H, 8-61: N, 5-20 
picrate cry m.p. [83-184 d: C, 58-1] 
H, 5-59: N, 10-80. C,.H..ON-C.H.O.N re ( 82; H, 5-26; N, 11-24 
(Found: C, 58°67; H, 7-31; N, 3-75: Br, 22-11. C,.H..ON-HBr-H.O requires: C. 58-70: H /-42; ‘ 
N. 3-80: B 71-70 
The ct was prepared Ohol and cryst ed from alcohol-—ether p. 217-218 
10-8 2° (c. 1-00 ilc 
(+ )-3-Methoxy-N-methylmorphinan (11) 
(a) Fror N-methyimorphinan (VIII). A_ solutio f 0-97 9 (+)-3- 
me xy-4 enoxy-N (VIII 0 cx ethe " | dror et 00 cc 
lig it 60 d 0-37 2 me n is added to tl t After an 
hour the ct mixture rke Ic for )-3-me xy-N yl-A nan 
(X11) a 1 O-OS8 of the cr D \ m.p 100-106 Re \ il n trom 
ether gave pure (+ )-3-met N-methylmorp! np. 109-111 {2-1 > 0-915 
ilc.). This m.p. showed no depression on admixture of ( }-methoxy-N-methy rphi obtained 
from 1-(p-methoxvbe (Found 79-80 H 
9-28: N. 4-90. C,.H..ON C. 79-6 H, 9-29: N. 
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m.p 105-108 , was not depressed on admixture with an authentic sample of (— )-3-methoxy-N- 
methyimorp 
someninone (XVI). A mixture of amalgamated 


d 20 cc conc HCI was heated on a 


a and the ict converted 


14° (dec) was not depressed 

an. 0-4 (37°) 
(XIX). A mixture of amalgamated 
xd 40 cc conc HCI was heated on a 


artrate and rect lized trom 


viether (XVI) 100 cc 
d 0-42 ¢g metalli lium 


HCl. The 


(Found 


3-18; I, 


monoscope) 
enol nethyl- 


72:82; H, 


(Found 
3-08: 
190-192 


Desox\ 


T! ) t vas obt from t her ion as a syrt vield 0-7 g. The methiodide 


prepared ind ervst t melted at 22 ind the infra-red spectrum was identical 


with that \ ros } Lined from vydrosinome 1ine-4-phenylether (XI) 


Desoxvd 


A solution 2 ¢ dihy nomenine-4-phenylether (XT) in 40 cc dry toluene was added dropwise 
to 200 ce liquid am nia 5 55° and 0-6 2 metallic sodium added to this stirred solution and 
the reaction mixture treated 1-45 
(94°-). LR 


» of desoxvdihydrosinomenine was obtained as a syrup, 


| sine (prepared from 6°5 ¢ mossy zinc), | g of the ketal derivative 21 ae 
water bath for Shr. The crude base(0-7 g) was chromatographed of 
on admixture W the tartrate of ( )- 3-me xv-N-methyim 
: 
5 water bath for 6 hr. The crude base (1-41 g) was converted to the ee oe 
meninone (XX 
‘ 
cit ene e to 300 ¢ 60 a 
» ties re sua The crude base was chromato- 
graph er « e235 soxy compound, m.p. 202-206, { 7°") 
Rec from f p » 203-206 2° 1-O88, alc.) 
(Foun 63-4 H N, 3°5 H..O.N requires: C, 68-19: H $4: N, 3-62%) 
The iS prepares ind crys ed from aiconol, m.p 249 250 33-5 2 i 
This compound was converted to desoxysinome ¢ (XX) by the action of 20°, = eee a 
m.p. 19 er rec benzene ‘ t depressed on admixture with the 
: sample ed fr e 2° (c, Ic.). LR. 3525 
cn OH 172 W 679 « S) (co ited O). (Found: C, 72:20; H, 7:15; N, 
4-79. C,.H,,O,N requires: C, 72-2 H. 7-07: N, 4°68 
The me cle prepared fron inol. m.p. 269-270° (dec). : 
C. 51-51: H, 5:51; N, 3-14; 1, 28°88. ¢ rec es: C. $1-:71; H, 5:48; N, 
) 
Sodium ire e-4-phenvieth (IX) 
: As ol 2 rol OC ict c ethel (1X) in 70 cc ary tol ine Was 
idded ypwise to 150 cc 1 at 50 58° a 0-7 g metallic sodium added to this 
stirre A tte xture wa reated as usua 1-2 of the crude Dase is treated with 
D } XIV) ethe n.p. 163-173" (m.p. 180-182” by 
[x] 24:2 2 1-056, alc I.R 691 (co ited C=O): 1632 cm! 
ether). (Found: C, 72 H. 7-60: N. 461: OCH,, 19°94. requires 
7-40: N. 4-47: OCH,, 19°31 
The ct prepa! ind crystallized trom ilcohol, m.p 24 248 
H. 5-8 N. 3-0] | 27-39. O.N-CHLI re re $2-75 H. 5-76 
= Treatment of Gesoxysinome ine (XIV) with 20 HCl gave desoxysinomeninone , 
XV) 
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The methiodide prepared in and crystallized from alcohol, melted at 222-225°. (Found: C, 51-55; 


H, 6°53; N, 2°96. C,,H,s0,N-CH,I-C,H,OH requires: C, 
iodide was not depressed on admixture with the sample obtained from ethylene glycol ketal of desoxy- 


§2-49: H, 681; N, 2:78%). This meth- 


dihydrosinomenine 


Ethylene elycol ketal of desoxydihydrosinomenine (X1X) 


A solution of 1 g 6-ethylene glycol ketal of dihydrosinomenine-4-phenylether in 20 cc dry toluene 


was added dropwise to 100 cc liquid ammonia at —50 55° and 0-4 g metallic sodium added and the 
mixture worked up as usual. Recrystallization of 0-71 
pure ethylene glycol ketal of desoxydihydrosinomenine (XIX), m.p. 1 
70°33; H, 8:37; N, 3-89. requires H, 8-13; 


g of the crude product from ethyl acetate gave 
10-0 2 


(c, 1-001, alc.). (Found: ¢ 
390°.) 

The methiodide prepared in and crystallized from alcohol melted at 246 
C, 52:60; H, 6°56; N, 2°87; I, 24°86. C.,;H2»gO,N-CHgl requires: C, 52°70; 


ynverted to desoxydihydrosinomenine 


247°, [x}p 


(c. 0-992. alc.). (Found 


This ketal ivative was ct 


HCI but could not made to crystallize 


1 crystallized from alcohol, melted at 225 (Found: C, 52-14; 


requires: C, 52°4 8; 
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Abstract—Dihydrothebaine-¢, dihydrothebainone-A*- enol methylether and dihydrothebainone were 


converted to the respective 4-pheny! Ullmann reaction in good yields. These phenylether 


sad 
com unas by lig 


derivatives were reduced to 4-« | ammonia reduction 


r and th lesoxy derivatives vave ( )-3-methoxy-4- 


4 uc 


Ck reduc of the phe | € 


3-methoxy-N-methylmorphinan respectively 


phenoxy-N-methyl-m¢ rphinan and { 


IN a previous paper? the elimination of the 4-hydroxyl group of sinomenine and its 
derivatives was reported. The present paper is concerned with the synthesis of 
(—)-3-methoxy-N-methylmorphinan and its derivatives. 

Recently, many N-methylmorphinan derivatives were synthesized from |-benzyl-2- 
methyl-1,2,3,4,5,6,7,8-octahydroisoquinoline derivatives by Grewe' and by Schnider 

‘se compounds | )-3-hydroxy-N-methylmorphinan has been found to 

tivity of morphine as an analgesic. Elimination of the 

4-hydroxy! group of hebaine derivatives may give some pharmacologically interesting 


compounds. The methods employed are the same as those used previously in the 


sinomenine series but using thebaine as a starting material. 

In 1950, Bentley*® succeeded in scission of the 4-5 oxygen bridge of thebaine (1) by 
the sodium—ammonia reduction and obtained dihydrothebaine-¢ (11) in excellent 
vield 

Under conditions similar to those used for sinomenine, dihydrothebaine-d (11) was 


converted to the 4-phenylether (III) in 85 per cent yield. Hydrogenation of this 


compound over palladium-strontium carbonate gave the 4-phenylether of dihydro- 


thebainone-A®-enol methylether (1V) and successive treatment with dilute hydro- 
chloric acid gave dihydrothebainone-4-phenylether (V) in about 70 per cent yield 
based on dihydrothebaine-¢-phenylether (III) 

The Ullmann reaction of dihydrothebainone-A’-enol methylether (V1) and of 
dihydrothebainone (VII) gave their respective phenylethers in about 70 per cent yield. 
Sodium—liquid ammonia reduction of dihydrothebaine-¢-phenylether (II]) afforded 
desoxydihydrothebaine-¢ (VIII) in 90 per cent yield. After hydrogenation, this 
compound was treated with dilute hydrochloric acid to give desoxydihydrothebainone 


(IX) in 50 per cent yield. Sodium-ammonia reduction of the crude phenylether of 
eported at the I.U.P.A.C. Symposium on the Chemistry of Natural 


hedron 15, 144 (1961) 
79 (1948); R. Grewe, A. Mondon and E. Nolte, Liebigs Ann. 
cta 32, 821 (1949): Jhid 34, 2211 (1951): O. Schnider, A. 


hid 33, 1437 (1950) 


, 353 (1950): K. W. Bentley, R. Robinson and A. E. Wain, 
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Elimination of the 4-hydroxyl group of the alkaloids related to morphine—II 
CH,O CH,O 
0 


dihydrothebainone-A®*-enol methylether (IV) and successive hydrolysis also gave the 


same carbonyl compound (IX) in 85 per cent yield. Dihydrothebainone-4-phenylether 


(V) was treated with ethylene glycol and p-toluene sulfonic acid in order to protect the 


CH 


155 
CH,O 
HO 
N—CH, N—CH, N -CH, 
CH.O 
CH,O 
I 
CH.O 
HO | 
N-—CH, N—CH, 
- CH.O CH.O 
VI 
CH,O 
: CH,O 
HO 
| 
~N—CH, N—CH, 
N—CH, ~N—CH, 
: CH,( 
N—CH N—CH, 
4 
CH.O 
N-—CH N-—CH, N—CH, 
0 
XI 
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6-carbonyl group and successive sodium—ammonia reduction of the product gave the 
ethylene glycol ketal of desoxydihydrothebainone (XI). The action of dilute 
hydrochloric acid on the ketal derivative gave desoxydihydrothebainone i.e. (—)-3- 
methoxy-6-oxo-N-methylmorphinan (IX) in 75 per cent yield based on dihydro- 
thebainone-4-phenylether. 

Sodium—ammonia reduction of dihydrothebainone-4-phenylether (V) also gave the 
same desoxy base, but in a poor yield. Furthermore, tetrahydrodesoxycodeine-4- 
phenylether (XII) was obtained from dihydrothebainone-4-phenylether (V) and 
dihydrothebaine-¢-phenylether (II) by the Clemmensen reduction in yields of 85 and 


25 per cent respectively 


4 CH, CHO 
~ 
N N N-—CH 
CH. 
N N 
x 
sodiu duc (—) xy-N-methy yhinan (XI11) in 
al Cid 4 On OF GOSOAY( val 
(1X) also gave 1 same ¢ pound (XI11) $5 per cent vield. A number of these new 
4-desoxy com] CC creened | i esic and antitussive activity, but the 
pi Se 4 | I d cise re 
: EXPERIMENTAI 
Ni y Kok DS 
D 
Ap cD 1 5-7 or de ene W refluxed for 10 hr 
u x re is 
4 ct ch < 5-1 2° kk 
H 


0-973 lc). LR. 1710 cn 1665 « ( OcH.,! (Found: ¢ 77:17: H, 7-10 


>. 
: 
vet! i lcry ed from alcohol, m.p. 191-192°. (Found: C, 57-98 
H. 626: N. 2-12. requires: ¢ 8-23: H, 6-28: N, 2.42%) 
: 
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The picrate was prepared in ether and crystallized from alcohol, m p. 187-188°. (Found: C, 
60-05; H, 5-04; N, 9:00. C,,H,,O,N-C,H,O;N, requires: C, 60-18; H, 4:89; N, 9-06°%). 


4-Phenylether of dihydrothebainone-A*-enol methyl ether 


(a) From Iwenty grams of 


was hydrogenated over 16 g palladium-—strontium carbonate (5°, Pd) in 300 ce alcohol. After absorp- 


tion of 1290 cc hydrogen in 15 hr and filtration of the catalyst, the solvent was removed to yield 20-2 g 


of crude product, m.p. 92-95 4 small sample was recrystallized from pet. ether for analysis, m.p 
H 


106-107". [a]}?? —55-4 , 2:069, alc.). LR. ACM's 1662 cm™ (Found: 


OCH 
H,,O,N requires 76°69; H, 7:47; N 5 ) 
(bh) From dihve \°-enol methylethei yridine solution of 9-45 dihydrothebain- 
enol methylether l g bromobenzene was fluxed for 15 hr with K.CO, and copper! 
vas chromatographed on alumina. The 


syrup whicl standing solidified, m 7 A small sample was 
p. 106 7 is ympou! Vi epressed on admixture with 


} 
lrothebaine-¢ -4-phenylether 


1-28 g of the 
ieated for 10 min 
olidified 
othebainone- 


) 


bromo- 
benzene 


R.I2 o 


requires 


Desoxvdihy 


thyle 4 solution of 10:1 ol the 


hvleth yluene was reduced with 1-9 ¢ 


phe: vViether ihydrothebaine n met 


metallic sodium in 300 cc liquid ammonia. After w the reaction mixture yielded 7-7 g of crude 


c7 
1 
% Tl 
tenze e¢ ive il 
recrystallized from pet. ether, 1 
(a) From the phenyleth dihydrothebainone-\*-enol methylethe: solution 
crude phenvicther rotnet none-A*-en¢ ethylether 1 55cc2 N Va 
stan ind recry ed tro Oop io Is OY Dasc on dil 
4 imethyiether.)t 14 14 11-2 ? 0-980. alc.). 1712cm™' ( 
(Found: ¢ H, 7-41; N, 3-87: H.O, 3-92. C.,H.-O,N-H.O requires: C, 72-88: H, 7-39: 
N. 3-45: H.O. 4-55 
i The rochloride ct ed from alcohol-ethy cetate p. 276-277° (dec). (Found: (¢ 
66°94: H, 6°90; N, 3-12; Cl, 8-23. C,,H,-O,N-HCI-H.O requires: C, 66°73: H, 7-00: N, 3-25: 
2. W) ) 
pe ene W ca ely vdered K.CO coppel The 
(71 I he xed p tne imple prepared fr tne phenylet ver of dihydrothebainone-A -enol 
me ether. was 145-14 
f A solution of 15 ¢ dihydrothebaine-¢-4-phenylether in 150 cc toluene was added dropwise to 150 cc 
liquid an t SO . 2-8 g me c sO vas added to this stirred solution. After 1 hr 
the C xture was worke p i lescribec the previous paper Ihe crude base was re- 
cryst | ed trom pet eine! m.p R67 ¢@ (90 } | 24-9 ? { 2-113 aic.} LR 
1707 cn 1666 cm ( ( (Found: C, 76°99: H, 7-75: N, 4-66. C,.H..O.N 
: OCH 
mums: ©, 76°73; H, 7-80; N, 4-71°%) 
othehainone-\°-enol methylether 
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product (almost quantitative) A small sample was recrystallized from pet. ether to give colorless 
H 


needles, m.p. 103-5-104-S°. — 70-5 2° (c, 1-039, alc.). LR. 1664.cm 
OCH, 


(Found: C, 76-44; H, 851; N, 448. C,,H,,O,N requires: C, 7622; H, 8-42; N, 4-68%,) 


+ 

(b) From desoxvdihyd fhebaine- 2¢ desoxvdihvdrothebdaine-o was Nhydroegct ited over U 25 
Adams’ catalyst in $0 cc alcohol. After 22 hr and absorption of 1 mole H,, the catalyst was removed 
and the filtrate concentrated to yicid 22 crude p chuc This base could not be crystallized but 
treatment with dil HCI gave 0-85 ¢ desoxydihydrothedainone 


Desox vdihydrothebainone 
(a) From desoxvdihydrothebainor \ nol methylether solution of 30-5 desoxvdihydrothe 


bainone-\ | I t n.p. 103-5-104-5 $0 cc 2 N HC! was heated for 10 n water 


bath. The cooled s ‘ ed w NaOH basic and the precipitated colorless solid 
washed wit! 27-3 6°.) 183-18 \ pic cry from 
alcot for 87~188-5 17-3 2 094, alc.). LR 1708 ¢ 


mix 

n e vielded 2°42 t p. 82 \ ple from 


2-80: 1. 25-3 

\ 2 < eh c 10 cc 5°, HCI was ed for 
Sev CSS 

\ of 10 d < +-pheny 
ether cc 00 
sol 

e (602 fro ene f ‘ ‘ o (48 ) of 
co » ac 

t < 0 201-20 rec from 

alex ec r », 203.205 he ite bsorption 
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The solution was diluted, made basic th NaOH and extracted with benzene The residue was 


treated with hydroxylamine in methanol and the crude product was chromatographed on alumina in 


* The infra-red spectrum of this compound showed the absorption band due to carbony! group 
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Elimination of the 4-hydroxyl group of the alkaloids related to morphine—II 
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The picrate crystallized from alcohol, m p. 218-219° (dec). (Found: C, 60-91; H, 5-64; N, 9-26. 
C.4H»O,.N-’C,H,O,N, requires: C, 60°80; H, 5-44; N, 9-46%) 

The methiodide recrystallized from alcohol, m p. 239-240 Cay 5-3 2° (c, 0-781, alc.). The 
infra-red spectrum of tetrahydrodesoxycodeine-4-phenylether in chloroform was identical with that of 
desmethoxydesoxodihydrosinomenine-4-phenylether 

(b) From dihydrothebaine-¢-4-phenylether. A mixture of 5 g dihydrothebaine-¢-4-phenylether, 
amalgamated zinc (prepared from 30 g mossy zinc) and 110 cc of conc HCI was heated for 6 hr 
After treatment with hydroxylamine, 4-89 g of the crude base was chromatoer id 
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Abstract 


which correlates Dot 


olivacine (1) 


{spidosperma australe Mull. gov. IS a Species with a wide distribution in South 
America. It is found in the northern part of Argentina the plains of Bolivia, in 
Paraguay and in the Southern and Central Brazil 

The only recorded chemical study on this species 1s the work done by Orazi, who 
found aspidospermine 

From plant material collected around Corumba (Brazil) and Loreto (Province of 
Misiones. Argentina), the following known alkaloids were isolated from A. australe 
from the stem bark, olivacine and (— ) guatambuine; from the heartwood, olivacine 
and a base m.p. 186 188° present in very small amounts. From root bark, olivacine, 
() euatambuine (u-alkaloid C) and uleine. In a new sample of root bark (—) 
guatambuine was found. The root heartwood yielded olivacine 

Paper chromatography showed that uleine was also present in heartwood and 
root wood and guatambuine in root wood. Asidospermine could not be detected in 


any of these sources 


These alkaloids have been isolated from other species of Aspidosperma, olivacine 


from A. olivacewn® and A. longipetiolatum’; uleine trom A. ulei4 and A. olivaceum* 


and (—) guatambuine from A. ulei (where it was named w-alkaloid C)* and from 


A. longipe tiolatum 
The experiments described in this paper” showed that olivacine has structure (1) 
and is a member of the class of pyridine carbazole alkaloids to which ellipticine (II) 


‘+O. O. Orazi isoc. Quim. Arg. 34, 158 (1946). Dr. Orazi has inform d us that the plant specimen 
employed in vork has now been identified as A. po/yneuron 

2 J. Schmutz and F. Hunziker, Pharm. Acta Helt 33, 341 (1958) 

> P. Carvalho-Ferreira, G. B. Marini Bettolo and J. Schmutz, Experientia 15, 179 (1959); P. Carvalho- 
Ferreira and G. B. Marini Bettolo, Ann. Chim 49. 869 (1959) 

‘J Schmutz, F. Hunziker and R. Hirt, Helv. Chim. Acta 40, 1189 (1957): J. Schmutz and F. Hunziker, 
He Chim. Acta 41, 288 (1958) 

Advance information was given by M. A. Ondetti and V. Deulofeu, Tetrahedron Letters No. 7, 1 (1959); 


Ibid. No. 1, 18 (1960) 
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and methoxy-ellipticine also belong. (+) Guatambuine is N-methyl-tetrahydro- 
olivacine (III) and is easily obtained by catalytic hydrogenation of the methiodide of 
olivacine. 

The reverse transformation was also effected; (+-) and (+) guatambuine were 
dehydrogenated to olivacine, by boiling with palladium in diphenyl ether, confirming 
again that both alkaloids have the same carbon skeleton. 


[x 


The structure of guatambuine follows from its Hofmann degradation. When the 
methiodide of (+) guatambuine was boiled with strong alkali in ethanol, two bases 
were obtained that could be separated by chromatography on alumina. They were 
difficult to crystallize and after the separation, without any further purification, were 
treated with methyl iodide and transformed into two different methiodides. 

One methiodide melted at 262-263" and gave a typical carbazole U.V. spectrum. 
The base from which this methiodide derives was a saturated compound. When it 
was submitted to catalytic hydrogenation prior to the treatment with methyl iodide, 
the same derivative melting 262-263" was obtained. 

The other base gave a methiodide melting at 284-285". This methiodide had a 
modified carbazole U.V. spectrum and its I.R. spectrum showed the bands charac- 


teristic of a vinyl group. When this base was first hydrogenated and treated with 
methyl iodide, it yielded a new methiodide, m.p. 287-288", with a typical carbazole 
U.V. spectrum, showing that in the unsaturated methiodide there was conjugation 


between the vinyl group and the carbazol nucleus. 
This new methiodide (V) was found to be identical with a methiodide m.p. 300 
303°, obtained by Schmutz er a/.* in their studies of the Hofmann degradation of 


®* S. Goodwin, A. F. Smith and B. C. Horning, J. Amer. Chem. Soc. 81, 1903 (1959); R. B. Woodward, G. A 
lacobucci and F. A. Hochstein, /bid. 81, 4434 (1959) 
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uleine. The identity of both methiodides was proved in the following way: (a) a 


methiodide prepared by us from uleine following the method of Schmutz and co- 
da _m.p. 295-296" and when mixed with that obtained from guatambuine 


i 
Vave identical V. and 


buine, on further degradation, 
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combined methanolic extracts were concentrated in vacuum to 600 ml and poured with good agitation 
into a mixture of 1200 ml water and 200 ml acetic acid. An insoluble product appeared which was 
filtered (Super-cel filter-aid), and the residue was washed well with 15°% acetic acid 

rhe filtrate was extracted twice with petroleum ether (b p. 40-60"), cooled to 5° and made alkaline 
to pH 10-11 with 50 sodium hydroxide, avoiding an increase of temperature. A gummy precipi- 
tate formed, which was separated from the solution The alkaline solution was extracted with 


ether until it gave a negative Mayer's test 


The gummy precipitate vas shaken with ether several times The ethereal extracts were joined 
(6 1. in total), filtered, dried with sodium sulfate and concentrated to 400 ml. A vellow solid precipi- 
tated, which after filteris g and drying weighed +g, m.p. 309-314 rhe filtrate was again con- 
centrated to 100 ml, when a new yellow precipitate was formed and collected, 1-1 g, m.p. 220-240°. 


rhe filtrate was then concentrated to dryness, the residue weighing 10 ¢ 
} 


rhe insoluble residue from the gummy precipitate, after the extraction with ether, was dissolved 


in a mixture of 600 ml water and 100 ml acetic acid, filtered from an insoluble residue and the filtrate 


made alkaline to pH 10-11, when a precipitate formed again. Without separation, precipitate and 
I 


solution were extracted with ether and the process described above was repeated 
On concentration the ethereal extract yielded a first crop of yellow crystals that after well washing 
with chloroform, weighed 507 mg, and melted 308-312 On further concentration, a second crop 
of 91 mg, m p 234-237 as collected. On ev iporation to dryness, a residue of 1500 mg was obtained 
Olivacine (1) The two batches of yellow crystals melting 308-314 ere united and recrystallized 
several times from boil ng ethanol Yellow short prisms melting 314—31¢ i 0 (Pyridine) 
U.\V spectrum / 224 mu 24.300) 238 mu (21,300): 276 mu (50.600) 287 m (71.400): 


292 mye (67,000); 314 my (4600); 329 my (6250); 375 mu (4600). In acid (HCI) absolute ethanol 
Amax 242 mu (28,600); 306 my (77,000): 350 mu.(6200). (Found: C. 82-8: H.5-7: N.11-3 
Calc. for C,;H,,N C, 82:8: H, 5-7; N, 11-3) 

All these data are in agreement with the properties of olivacine described by Schmutz and 
Hunziker 

hese data are almost identical with those of ellipticine, but .R. and NMR spectra of both bases 


were different 


(--) Guatambuine (u-alkaloid C) (1). Recrystallization of the 1:1 ¢ of the crude product melting 
220 240 described above, from ethanol 95 rave crystals with m p 235 237 They vere m xed 
h th melting 234—235° from the second hatch ar tallized (700 me sveral times fron 
with those melting 2 2 om the second Datch and recrystallized (/00 mg) several times from 
ethanol. Long prisms (32 mg) melting 245-248 (x 112 3° (c, 0-485 Pyridine). U.\ 
spectrum / 240 mu (e 41,300); 250 my (31,300): 262 mu (22.700): 299 mu (19.300) 330 mu 


(4300). No displacement of the bands was observed in acid absolute ethanol. IL.R spectrum in 


potassium bromide was identical to the I.R spectrum of (+-) g ambuine (u-alkaloid C). (+-) Gua- 
tambuine was also obtained when 10 ¢ of the residue left on evaporation of the ethereal extracts, 
from which olivacine and crude (+) guatambuine have already beet separated, were dissolved in 
20 ml warm benzene and the solution was cooled. Two hundred and fifty miligrammes of crystals 
m.p 227-231° were obtained, which on recrystallization from ethanol melted 243-244° and were 
characterized as ( ) guatambdu ne 


(+-) Uleine (VILL). The benzene solution remaining after the separation of (--) guatambuine was 
chromatographed on 340 g of alumina (Woelm, activity II-III) and eluted with benzene, benzene 
chloroform, chloroform and chloroform—methanol. When chloroform was employed, fractions 


giving on paper chromatography one alkaloidal spot, R, 0-69, were collected. On concentration of 


those fractions, crystals melting 72-76° (Kofler) and 118-121° (capillar) were obtained. (x); 11-5 
chloroform. U.YV spectrum: Amax 307-308 my (¢ 17,000); 316 my (17,000). Schmutz ef a/.* give a 
m.p 76-80° with further solidification and melting at 115-118 

Uleine hydrochloride. Prepared as described‘ it had a m p. 239-241° in agreement with the m p 


241-242 given in the literature. U.V. (ethanol 95°) Amax 308-309 mu (¢ 19,300). (Found: ¢ 
68-1; H, 7-7; N,9-2. Calc. for C,,H.,;N.Cl,H.O: C, 67-4; H, 7-8; N, 8-7) 

The methiodide melted 204—206°, as described for uleine methiodide.* 

Root wood. Olivacine. Three hundred grammes of the heartwood from the root of A. australe 
was extracted and worked as described from the root’s bark. Pure olivacine (150 mg) m p. 315-317 
were isolated. The residues remaining after the removal of olivacine gave on paper chromatogr phy 


spots corresponding to olivacine, guatambuine and uleine, and were not further examined 


| 
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Stem bark. Olivacine (+) guatambuine and uleine. Ground aereal bark (1-8 kg) from A australe 


were extracted as has been described for the root's bark. The ethereal extract on first concentration 


gave 7-05 g of crude olivacine (m.p. 308-314") which was identified in the usual way 

On further concentration, another crop of crystals melting 210-220 (795 mg) was obtained 
Evaporation was continued to dryness, leaving a residue of 4-59 9. When this residue was treated 
with chloroform, the largest pa 


rt dissolved, leaving an insoluble portion of 380 mg (m.p 218-222°), 


second crop. On several recrystallizations from ethanol 95%, 240 meg of 


8°, were obtained, (2 0° U.N pectrum /Amax 240 my (e 41,000); 


LR spectrum recorded on a 
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reduced for 4hr at 3 atm, the solid dissolving in about 2-5 hr. After filtering, the solution was 


concentrated to 25 ml, 275 ml water added, alkalinized with 2 N sodium carbonate and extracted 


with ether. The ether extract was well dried. evaporated, and the residue, when crystallized from 


ethanol 95°, gave 201 mg of a crude product melting 220-223°. After several recrystallizations from 


ethanol, it melted at 223-225 Its U.V. spectrum had Amax 240 my (e 41,100); 250 my (30,700); 
262 mu (22,200); 299 mu (19,200); 330 mz (4120). With ethanol hydrochloric acid. the typical 


hyperchromic effect given by guatambuine was observed, without displacement of the maxima. L.R. 
spectrum identical to (+) guatambuine. (Found: C, 82-3; H,7-9; N, 10-6; 5:3: C(CHs), 
11-1; N.E., 262. C,sH.oN, requires C, 81:7; H, 7-6; N, 10-6; NCHs, 5-6; 1 C(CH,), 11:3: N.E 
264) 


Olivacine by dehydrogenation of (+) guatambuine. One hundred and twenty-five milligrammes of 


Adams platinum catalyst were suspended in 5 ml diphenyl ether and reduced. One hundred milli- 


grammes of (+) guatambuine was added and while nitrogen was bubbled the suspension was boiled 


for 80 min. It was then cooled, ether and 2 N hydrochloric acid were added until two phases formed, 


and the water phase was well extracted with ether. It was then made alkalien to pH 11 and extracted 


again with ether. This second ether extract was dried. ev iporated, and the crystalline residue sus- 
pended in chloroform and filtered Ihe 25 mg of crude crvstals col ected were recrystallized from 
ethanol; m.p. 313-31¢ They were identified as olivacine by mixed m.p. and U.\ spectrum 

) Guatambuine met fo of ne dissolved i boiling ethanol 10 ml of 
methyl iodide were added and boiling continued for 30 min. After cooling, 1-5 ¢ of long prisms 
could be collected. M.p. 299-301°, which was not changed by further crystallization. (Found: N. 
68; 1, 30-8. C,.H. .N..CH,I requires: N. 6-8 31-2) 


Hofmann de adatt { ) ialampuine methiodide C;suatambuine methiodide (1-71 was 


Suspended in 400 ml ethanol containing 40 ¢ of potassium hydroxide and boiled for 6 hr The 
solution was then concentrated in vacuo to 50 ml, 350 ml of water were added and extracted with 
ether. The ether extracts, after washing w vater and drying, were concentrated to dryness, when a 
residue of | 249 was odtained P per ¢ roma oOgray \ mM wed the presence ol Oo bases which were 


ne column was first eluted with chloroform and the vith chloroform containing increasing 

amounts of methanol. When chloroform with 0-05 methanol was employed, the first fractions 

contained a Dasc hich gave a pot wi h KR, 0-6! When he methanol cor tent was increased (0-5 ) 


ch was 


1< 


KCCSS ethyl 10d added and refiuxed i) min 
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9: 
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recrystallizations from et} ol melted at 28 XS U.V. spectrum 240 mu 47. 500): 250 mu 
(31,600); 260 my (20,000); 297 my (21,200). (Found: C, 57-1: H, 6-4: N, 6-2: I, 30-3. Calc. for: 
C, 56°8: H. 64: N_66: 1. 30-0 


This methiodide did not depress the m p. and gave a spectrum identical with that of the methiodide 


obtained by subjecting uleine methiodide to Hofmann degradation according to Schmutz et a/.4 who 


give m.p 300-302? 
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MINOR ALKALOIDS OF ASPIDOSPERMA SUBINCANUM 
MART.: ISOLATION, STRUCTURE PROOF AND 
SYNTHESIS OF 1,2-DIHYDRO-ELLIPTICINE, 
1.2-DIHYDRO-ELLIPTICINE METHONITRATE 
AND ELLIPTICINE METHONITRATI 


G. Biicut. DANA W. Mayo* and | A. HOCHSTEIN 
1) t of Cl M Inst Techn (ambrid M ichusetts 
Research I Pfize CX 


Abstract 


PLA ‘ the ge is erinada nave ec searched intensivel LOT ilkaloids of 


isolated, 


ana ctures Ol me or ther are nov Know! An examinati of the 
eruvian pia oraon tenia ea a | erina 
Mart.’ has shown that two major alkaloids present are N-methyl-tetrahydro-ellipticine 

(X) and ellipticine® (X1) 

i We ni wish to record our observatior n three minor alkaloids of the same 
slant and will start with a discussion of the quaternary bases whose presence had 
plant if} Wii att Wil UIs ( tne GUale lly ynose presence 
been indicated earlier Crystallization of the crude nitrates from aqueou propyl 


} furn | n (d Paner } matoecrapnhic 
aiconol immisnhea eeauies | aec ape cnro ilogTapnic 
anaiysis reveaied two major con ponen whicn were subsequen iy separated on a 
yrenoarat < le Th ltr ry tr , nta np Mm 
prepa iive Scale UILTAVIOICL ce perl ne ai SCCLIO ( one com- 

ponent m.p. 293-304 (dec.) was essentiallyidentical wi nat of ellipticine methiodide 

I 

(Il) and indicated the presence of identical ons in the two salts An authentic 


sample of elHipticine methonitrate (1) prepared from the methiodide by ion exchange 


with Dowex-l (nitrate form) exhibited identical infrared and ultraviolet spectra 


Identity was confirmed by RA, values eitin p int and mixture meiting point com- 


parison 


Combustion analyses of the second nitrate (1V) and the corresponding picrate (V) 


both agree with formula C,,.H,,N and the ultraviolet spectr (see experimental 


section) of the nitrate is strikingly similar to that of the dihydropyridocarbazole 


Tetrat n, 1961, Vol. 15, pp. 16710 17). 
Groton, Connecticut 
* National Institutes of Health Postdoctoral Fellow 1960 
H. I erand / Chin 44, 444 61) i cig 
M. A. Ondetti and V. Deulofeu, Tetrahedr Letters No. 1, 18 } / N l 59 
S. Goodw F. Sn i E. C. Hor Chem. Soc. 81, 1903 (1959) 
* B. Gilbert, L. D. Antona », A. A. P. G. As rand C. D : 16, 61 160 7 
R. B. Woodward, G. A. I ybucci and I A. Ho t j i ( Ss 81, 4434 (1959) 
*G. Buc it W. War fmer. C her 81. 44 SY) 
We ¢ debted to Mr. A r provid t i il whic us Cx cted near Iquitos, Peru and : 
to Dr. L. Nick ior tl i i tificatio { 
: *F. A. Hochstein, A. M. Paradies and R. B. Woodw 1, unpubl ed result 
: 167 
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(XIV) in acid solution. Further, strong infrared absorption at 1645 cm! agrees with 


the presence of a C==N— system. These data indicate that the new alkaloid is either 
N-methyl-1,2-dihydro-olivacine or N-methyl-1,2-dihydro-ellipticine (IV). Reduction 
of the nitrate with sodium borohydride in aqueous solution yielded a tertiary base 
which was identical in every respect with N-methyl-tetrahydro-ellipticine (X). Struc- 
ture IV was confirmed by a partial synthesis. Oxidation of X with mercuric acetate 


¥ 
*G. B. Marini-Bettolo ar Manske and M. Kulka, 


Canad. J. Res. 27B, 291 
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produced an acetate which was not characterized but converted directly to the 
corresponding nitrate. This material was identical with the natural salt (IV). 

We next investigated the tertiary bases of Aspidosperma subincanum. The ultra- 
violet spectrum of one base (m.p. 293-296") in acid solution was essentially identical 
with that of 1,2-dihydro-ellipticine methonitrate (IV). Consequently the two alkaloids 
contain identical chromophores and we simply had to place a C,H, residue to arrive 
at the complete structure. Alkylation with methyl iodide in acetone solution furnished 
a methiodide (VI). This was converted to the corresponding methochloride which 
was identical in every respect with an authentic sample of 1,2-dihydro-ellipticine 
methochloride (VII) prepared from the nitrate (IV) by ion exchange. This correlation 
demonstrates structure III for the new alkaloid. Its structure was confirmed by a 
partial synthesis. Catalytic reduction of ellipticine (XI) over a platinum catalyst in 
ethanol solution afforded an air sensitive substance exhibiting ultraviolet light absorp- 
tion typical of a carbazole. It was characterized by a stable N-acetyl derivative (IX) 
identified as such by strong infrared absorption at 1630 cm~'. The reduction product, 
therefore, is 1,2,3,4-tetrahydro-ellipticine (VIII). Dehydrogenation with 9,10- 
phenanthraquinone in o-dichlorobenzene"’ at 120° yielded a yellow substance m.p. 
296-300" (dec.). Identity with natural 1,2-dihydro-ellipticine (111) was established by 
comparison of infrared and ultraviolet spectra, R, value and mixture melting point. 

Both the melting point and infrared spectrum of | ,2-dihydro-ellipticine (III) are 
different from those reported for u-alkaloid D, m.p. 308-312° (dec.) a minor con- 
stituent of Aspidosperma ulei Mgf."' An earlier investigation revealed that this elusive 
base is a derivative of XIV* and when it was found to be different from |.2-dihydro- 
olivacine (XII) the investigators assumed its identity with 1,2-dihydro-ellipticine 
(I11)."* We have sent a small sample of synthetic III to Dr. J. Schmutz, Berne, and he 
kindly informed us that a careful reexamination of u-alkaloid D by thin-layer chromato- 
graphy on silica gel revealed the presence of two constituents which are identical 
with 1,2-dihydro-olivacine (XII) and 1,2-dihydro-ellipticine (111) respectively." 

In view of the synthesis of ellipticine by Woodward, Iacobucci and Hochstein® 
the partial routes described in this paper may be considered in a formal sense as 
total syntheses of these new bases. 

Finally, we were able to isolate a very small quantity of olivacine (XIII) from the 


alkaloid fraction of Aspidosperma subincanum 


EXPERIMENTAL* 

Isolation of 1,2-dihydro-ellipticine methonitrate (AV) and ellipticine methonitrate (1) The total 

dried methanolic extracts of Y uillo-bordon bark were dissolved in 20 aqueous methanol, made 
* Melting points were observed evacuated capillaries and are uncorrected. Ultraviolet spectra were 
obtained with a Beckman DK-2 pectropnotomet Infrared spectra were recorded with a Baird-Atomic 
model AB-2 spectrophotometer using a beam condensing unit utilizing ver chloride lenses. Band centers 
are accurate to 5 cm at wave numbers below 1500 cm ind are followed parenthetically by the observed 
percent transmission. R, values are given for two systems: (1) methylethyl ketone saturated with water 


(MEK) and (2) butanol-—acetic acid—water (4:1:5) upper phase (BUuOH). Flow rates are also given relative to 

ellipticine methonitrate (2,) which was chosen as the standard compound for this series. Standard conditions 

for paper chromatographic separations were: freshly distilled methylethyl ketone saturated with water, 

temperature 19°, and Whatman 3 mm paper prewashed with methanol and methylethyl ketone. The 

elemental analyses were carried out by Scandinavian Microanalytical Laboratory, Copenhagen, Denmark 

and Dr. S. M. Nagy and associates, M.1.1T 

1° L. M. Jackman in R. A. Raphael, E. C. Taylor, and H. Wynberg, Advances in Organic Chemistry: Methods 
and Results Vol. 11, p. 340. Interscience, New York (1960) 

1! J, Schmutz and F. Hunziker, Helv. Chim. Acta 41, 288 (1958). 

J. Schmutz and H. Wittwer, Helv. Chim. Acta 43, 793 (1960) 

'8 We thank Dr. J. Schmutz for his collaboration. His findings are summarized in ref. 1 
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still persisted in the sample) was identical in infrared spectrum, m.p., mixed m.p and R, value with 
an authentic sample of olivacine kindly given to us by Dr. J. Schmutz 

Sodium borohydride reduction of | ,2-dihydro-ellipticine me thonitrate (1V) An aqueous solution 
(2 ml) of 60 mg of sodium borohydride was rapidly added to 30 mg of 1,2-dihydro-ellipticine metho- 
nitrate dissolved in 7 ml of water. A yellow amorphous solid immediately precipitated. The reaction 
mixture was shaken for 30 min and then acidified with dil HCI The acidic aqueous phase was 
washed with chloroform, made basic (pH 9) with conc NaOH and extracted with ether. The ether 


extracts were dried over anhydrous MgSO, and the solvent removed under reduced pressure Four 
recrvstallizations of the residue afforded (9 mg) N-1 rethyl-tetrahydro-ellipt cine’ as colorless rosettes, 


m.p. 224-5—225° (lit 215-218"); R ' 0-72, R 1 1-00, R™®* 0-23, 1-21: 2 340, 327, 
317(sh), 294, 284( sh). 263, 248(sh), 242. and 229(sh) mu (log ¢ 3-56, 3-58, 3-42, 4:26, 3-96, 4-31, 4-57, 
4-69 and 4°48 resp.) — 1610(16), 1580(48), 1500(35), 1455(14), 1403(34), 1370(15), 1335(21), 


1312(14), 1287d(30), 1265(12), 1230(41), 1190(55), 1165(¢51), 1120t(30), 1075(40), 1012d(54), 983(58), 
970(39), 892(43), 820(41), 770(52), 732(10), 70S(50) 
This material was identical in infrared and ultraviolet spectra, m.p., mixed m.p., and R, values 


IC sample ol 


(40 mg) was refluxed with 160 mg of mercuric acetate in 3 ml of 5", aqueous acetic acid f 3-5 hr 
The initial colorless solution rapidly turned bright yellow in color. After filtration of the mercurous 
acetate and saturation with hvdrogen si Ifide the aqueous s§ ylutior was mad stronegl ICIGIC vith 
conc HNO The black colloidal precipitate was collected by centrifugation and extracted repe tedly 
with hot ethanol On concentratio of the ethanol extracts the prod ct crystallized as fin ellow 


from methanol 


spectra, m.p., mixed m.p. and AR, values 


ic reduction of ellipticine appeared to proceed 


slov yn over PtO ethanol, however, could 
f catalyst and, although little hy 


be effected by employing laree amounts 


detected, the course of the reaction was monitored by observing changes in the ultraviolet spectrum 


of aliquots withdrawn at regular intervals 
Ellipticine (40 mg) was dissolved in 25 ml of absolute ethanol and hydrogenated over (130 mg) 
PtO, for 12 hs The ylorless reaction mixture was divided into two equal portior The catalyst 


removed from portion No | by filtration in an itmosphere of itrogel I vaporation of 

the solvent i vacuo Zav 19 mg of colorless fan shaped crystals which rapidly turned yellow color 
on contact with ar Two recrystallizations from methanol afforded (13 mg) 1.2,3,4 thydro- 
ellipticine (VIII), m.p. 160-165" (dec.); 0.79, R 1-13, 0-30, 1-34 
341. 327. 316(sh), 294, 284( sh), 263, 249( sh), 242 and 228(sh) mu (log ¢ values were not obtained 
however, the relative extinction coefficients for the absorption maxima were virtually identical to 
those observed for N-methyl-tetrahydro-ellipticine) As the crystalline material still exhibited great 
sensitivity toward air, further characterization of the compound was carried o vith cetyl 
derivative. Portion No. 2 rapidly turned yellow on standing in contact with air and no identifiable 
products could be isolated after removal of the catalyst 

{cetyl derivative (1X) Acetviation of 1,2.3.4-tetrahy iro-ellipticine with celtic inhydride- 
pyridine followed by several recrystallizations from methanol gave white nee iles, m.p. 272-5-273 
R' 0-86. | 23. R™ME! 0-94 RMEK 4-97: 7MeOH 340 327 318(sh) 294 hy). 263. 
248(sh), 242 and 229(sh) mu (log ¢ 3-54, 3-59, 3-45, 4-20, 3-71, 4:30, 4:57, 4:70 and 4-51 resp.); 
—~! 1630(7). 1612(3), 1492(47), 1455(15), 1420(23), 1361(53), 1338d(62), 1300d(49), 1268(22) 
1239(30), 1117(56), 1050(63), 1030d(66), 990d(65), 875(61), 775(58), 740018). (Found: C, 77-74; 
H, 6°86; N, 9-61. requires: C, 78°04; H, 6°89 N. 9-58 °) 


7A j 


Dehydrogenation of 1 ,2,3,4-tetrahydro-ellipticine (VII). Ellipticine (100 mg) in absolute ethanol 
(40 ml) was hydrogenated over PtO, (154 mg) for 16 hr After filtration of the catalyst in an atmo- 
sphere of nitrogen and removal of the solvent in vacuo, the white crystalline product (~70 mg) was 
immediately dissolved in 70 ml of o-dichlorobenzene and rapidly added to a solution of 50 mg of 9,10- 
phenanthra-quinone in 30 ml of the same solvent. The reaction vessel was quickly flushed with 


nitrogen, sealed under vacuum and kept at 120-130° for 24 hr. After cooling, the o-dichlorobenzene 


| 
with a then N-me¢ tetrahydro-ellipticine 
| needles. Several recrystallizations cave (6 mg) |,2-dihydro-ellipticine methonitrate 
(IV) p 302~—307° (dec.) 
with the natural salt 
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solution was exhaustively extracted with dil HCI. The acidic aqueous extracts were washed with chloro- 


form, adjusted to (pH 9) with conc NaOH and extracted repeatedly w ithchloroform. The organic phase 


hydrous MgSO, and the solvent removed under reduced pressure The residue was 


Irom me anor a ibiected to paper chromatographic separation (300 
} 


0-25 and 0-65 wit nol and removal of the 
of 0-1 N HCI and 
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LYCOPODIUM ALKALOIDS—V 


THE STRUCTURE AND STEREOCHEMISTRY OF FAWCETTIINE. 
CLAVOLONINE AND RELATED ALKALOIDS 


H. BURNELL and D. R. TAYLOR 
artment, University College of the West Indies, 
Kingston 7, Jamaica, West Indies 


(Received 14 April 1961) 


Abstract Fawcett olonine and annofoline have been interrelated ar heir stereochemistries 


ivolonine to lycopodane, the Wolff—Kishner reduction prod ct of 


ibnormal Hofmann degradation product of 


FAWCETTHINE, CygHogNO, the major alkaloid of L. fawcertii' and a minor component 


of L. annotinum*”’ and Jamaica . clavatum’ has been shown to be a tetracveclic 


tertiary base possessing a hydroxyl group and an O-acetyl residue. Mild hydrolysis of 
the alkaloid affords deacetylfawcettiine, C,,H,;NO, which is also naturally occurring 
in Jamaican L. clavatum.’ Acetylation of deacetylfawcettiine or fawcettiine gives rise 
to the diacetate Base K, C,,H,, NO, found naturally in L. fawcettii 

From the chromium trioxide oxidation of fawcettiine, a ketoacetate dehydro- 
fawcettiine, C,,H,;NO, was isolated which hydrolysed readily in base to a compound 
CigH.;NO,. The infra-red spectrum of the latter in Nujol bore a strong resemblance 
to that of annofoline- but was clearly not identical and the melting points were also 
different. However, the infra-red spectrum in chloroform solution was identical to 
that of annofoline in this solvent and the optical rotation ([x],, — 132°) was in good 
agreement with the published value for annofoline ([x],, —131°).* Subsequently, it 
was found that crystallization from a concentrated ethereal solution gave material 
Showing an infra-red spectrum in Nujol identical to that published for annofoline.* 
When the methiodide of the hydrolysis product was compared with that of annofoline 
the two were shown to be identical (melting and mixed melting points and infra-red 
curves). More recently? Anet and Khan have shown annofoline to have the structure 
(II) so that dehydrofawcettiine must be (11) and fawcettiine (1). Deacetylfawcettiine 
and Base K must be (IV) and (V) respectively. In an effort to corroborate the identity 
of annofoline and deacetyldehydrofawcettiine, annofoline acetate was prepared but 
its methiodide (m.p. 289-290" [x],, —66°) was found to be different from dehydro- 
fawcettiine methiodide (m.p. 271-272 [x],, —48°). Since annofoline can be reduced 
to deacetylfawcettiine,’ the difference between annofoline acetate and dehydrofaw- 


cetttine must be stereochemical rather than skeletal (see later). 


* The melting point (and the infra-red spectrum in Nujol) of annofoline are somewhat variable. Dr. Anet 
(Private communication) has also observed this phenomenon, which is presumably dependent on the equili- 


brium between the hemi-ketal and hydroxy-ketone forms of this base (see ref. 5) 


R. H. Burnell, J. Chem. Soc. 3091 (1959) 

I A. 1 Anet and N. H. Khan, Canad. J. Chem. 37, 1589 (1959) 

R. H. Burnell, B. S. Mootoo and D. R. Taylor, Canad. J. Chem. 38, 1927 (1960) 
*R. H. Burnell and B. S. Mootoo, Canad. J. Chem. In press (1961) 
F. A. L. Anet and N. H. Khan m. & Ind. 1238 (1960) 


173 


_ 
x, 
Tetrahedron, 1961, Vol. 15, pp. 173 to | 8 
R. 2 
Chemistry D 
lycopodine is described and a structure is proposed lor an 
clavolonine 


H. Burnet and D. R. Taytor 


Clavolonine, C, was obtain ajor component of Jamaican 


L. clavatum.* and is I tel ew from the infra-red spectrum 
Onidation of 
NO 


Contains a vadroxyvl 
clavo mince Will 
ized as the met 
diketone o 

(lV) This 


sodiu 

Deacetvitawcet ist i ydrated by thiony! « ride in benzene 
unsatul anhydrox tvifawcettiine. C,.H..NO'. The NMR 
latter shows that the double nd be ' } ton ( 4-45) and als 
grouping CH ( H is preserved (| 00: J 5-9 cps) so that the anhydro 
IX his is contrary to our findings® that fawcettiine can be dehydrated an 


O. Mance “ ranz and Djera ner. Chem. Soc. 75, 1282 


~ le. m.p. 310-312° which was identical to the methiodide of the eee oe” 
beit in low yield) by the similar oxidation of deacetyllawcettiune 
iid have arisen tro i1compound epimeric to annotoline or trom 
: either epimer corresponding to VI. Of the t! tter seemed the more lik ince 
clavolonine ows a peak at 1410¢ the inira-red uggestive ol yiene | 
clavolonine clearly ushes between the ities 
Acetviatior deacetvifi et ydride—pyridine at roo pe! 
ture cel e-s cel d) aflords Base K the 
: cettuine (whic ist be VII) wa ‘ 1 to the corresponding ketone VIII, dehydro 
solawcetline yd | WhK a ostanc ientical in evel ect to 
clave mince itter to Vi and { ke annotoline) the U-acetvi 
derivative of clave ne was shown to De 1dcnic to denvar olawcettiine Reduc 
tion of clave | ul n of | | nium led 
(as the only product) deacetyifawcettiune (1V), whereas lithium in liquid ammonia” or 
ean 
t the 
ict 1S 
then 
* F. Sondheimer, >) 


\ 175 


I ycopodium alkaloids 
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in a sealed tube at 190—-195° with ethanolic sodium ethoxide. The ketone (X11) can be 
reduced to dihydrodeoxyclavolonine (X1) in high yield by sodium in diethylene glycol 

Wolff—Kishner reduction of dehydrofawcettiine afforded, as the only product a 
compound, C,gH,;NO, which is isomeric but not identical to dihydrolycopodine 
(XVa). Anet® has also described this reduction product and has suggested the struc- 
ture (XXII) (CH, for C:0) since it is also obtained by similar reduction of annofoline 

It was hoped to correlate clavolonine and lycopodine by reducing both with red 
phosphorus in hydriodic acid but the only tractable product from clavolonine analysed 
for C,,H,,NI, and normal methods for the removal of iodine have so fat proved 
ineffective 

From MacLean’s work on lycopodine,’ the stereochemistry of the molecule ts 
readily deduced to be XIV which accounts for the hindered nature of the carbonyl and 
the internal cyclization of z-cyanobromolycopodine. The dihydrolycopodine (m.p 
168°) (XVa) obtainable by the lithium aluminium hydride reduction of lycopodine 
undoubtedly has the hydroxyl group axial since elimination proceeds readily in benzene 
containing thionyl chloride at room temperature to give anhydrodihydrolycopodine 
(XVII). When sodium in isobutanol is used for the reduction, the epimeric x-dihydro- 
lycopodine (XVla) is produced which ts not readily dehydrated but does form a 
cathylate with ethyl chloroformate in pyridine.’® Dihydrolycopodine (X Va) does not 
react with the latter even after 2 The infra-red spectra of the acetyl derivatives 
(chloroform solution) are in agreement with this since XVb shows a split acetate 


whereas XVIb shows only a single peak in the 1250 cm™ region 


3 


Clavolonine is reduced by lithium aluminium hydride in ether to deacetylfawcettiine 
and by sodium in isobutanol to .-dihydroclavolonine, these reactions are analogous 
to the respective reductions of lycopodine Clavolonine affords an acetate (single 
acetate peak) and forms a cathylate with ethyl chloroformate. Dehydration is not 
accomplished with thionyl chloride nor even by phosphorus pentoxide in boiling 
toluene. The facile dehydration of IV to anhydrodeacetylfawcettiine shows the 
hydroxyl at C; to be axial and trans to the C, hydrogen atom. Since IV, which reacts 
with ethyl chloroformate at one of the hydroxyl groups only, forms the monoacetate 
(VII) (single acetate peak) which is unaffected by ethyl chloroformate in pyridine 
then the readily acetylated hydroxyl group is equatorially disposed to the bridge ring. 
Fawcettiine (1) reacts readily with ethyl chloroformate and shows a complex acetate 
peak in the infra-red 


* F. A. L. Anet, Tetrahedron Letters No. 20, 13 (1960) 

*W. A. Harrison and D. B. MacLean, Chem. & Ind. 261 (1960) 

1°. F. Fieser. J. E. Herz, M. W. Klohs, M. A. Romero and T. Utne, J. Amer. Chem. Soc. 74, 3309 (1952) 
11 H. Hirschmann, J. Amer. Chem. Soc. 74, 5357 (1952) 
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Thus, this group of bases is accommodated satisfactorily by X VIIla—d, anhydro- 


deacetylfawcettiine by XIX and clavolonine by XX. 


e xx 


From the infra-red spectrum of clavolonine in chloroform solution and in particu- 


lar its resemblance to that of annofoline, it was thought" that both of these bases 


existed as equilibria between hydroxy-ketone and hemiketal forms but quantitative 
i 


infra-red comparison spectra in chloroform (Fig. 2) show that the hemi-ketal form of 
clavolonine makes a very small contribution, if indeed it is present at all 


4 
= | 
E 
t 
5 | 


Lofoline,* which has been shown to be epimeric to fawcettiine® and thus XXI. 
dehydrates readily as would be expected of a compound containing an avxia/ hydroxyl 


group with an adjacent trans hydrogen substituent. Lofoline does not form a 


cathylate. 
Optical rotatory dispersion measurements on clavolonine and lycopodine show 
that both exhibit positive Cotton effects. Applying Djerassi’s Octant Rule" to these 


1 R. H. Burnell and D. R. Taylor, Chem. & Ind. 1239 (1960). 
18 C, Djerassi, Optical Rotatory Dispersion p. 178. McGraw-Hill, New York (1960). 


12 


Fowcettiine 
: 
J 
: i R=R=CH.CO : 
Ro , 
¥ 
hy 
| j | 
j 
j | 
| | 
% 
7 
| 
\ 
| 
| V 
; 
| 
Fic. 2. Comparison of t ntensities of e carbon, bsorptio the ir i-red sp » of (a) 
annololine (b) ¢ l ce nO ] tion tl 
Cone LlO sc 1S 
20 mg/ml in each case (chloroform solution) 
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findings suggests the absolute stereochemistry of these bases to be as shown (XX and 
XIV) rather than the mirror-image representations which have been used in previous 
publications.* Negative Cotton effects are shown by dehydrofawcettiine (11) and the 
ketone (XII) in agreement with the proposed absolute stereochemistry. Annofoline, 
which necessarily contains the bridge ring in the boat form since this base exists in 
both the hemi-ketal and hydroxy-ketone forms, also shows a negative Cotton effect 
and must clearly be XXII. The change of ring conformation (from the chair form in 


fawcettiine and dehydrotawcettine) must involve inversion of the configuration of 


group alpha to the 
ical difference 
must arise 
emi-ketal form 

the only product 
ore complex if 


ium acetate but 


no great susceptibility to Hofmann 

ary butanol containing 

H,.NO, m.p. 196-198 which 

id a hydroxyl (infra-red). The 

to olefinic protons and the 

minal methylene grouping 

the ¢ , N or the 

ne side-chain must have 

nann base show infra-red 

grouping —-CH,C:O This 

lithium aluminium hydride 

nann product nor in deacetylfawcettine 

onine). Complete reduction of the carbonyl group- 
ethod requires considerably longer refluxing than 
the reduction of clavolonine, suggesting a greater degree of hindrance to the approach- 


ing reagent ' al rotatory dispersion of the Hofmann product shows a negative 


Cotton effect, as opposed to the positive eliect in ¢ ne, indicating the introduc- 


tion of an axially disposed substituent adjacent to the carbonyl group This evidence 


is consistent with the structure (XXIII) for the Hofmann base 


New Bru \ er ive deduced this 


4 
} 
the adjacent meth‘ rrouping. since an (Nag-poie) methyl 
: carbonyl would produce a positive Cotton eiec Th ster 
betwee! innol Mme ACCLAU and uit varotawcel reierrea = t 
during the ba val ys of the tattel Under these condition ‘ 
red na thi nia innofoli 
of annototime ts greatly al al 
trom the hydrolysis The acetyiatio of annotoine ts considera 
carried out in the presence of added bases such as pyridine or sod = ee | 
re ‘ 
* Dr. Z. Val ha us that the University of 
same abdsolul mis 
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EXPERIMENTAL 


The infra-red figures were measured as Nujol mulls unless otherwise stated and the pK titrations 
were performed in 50%, aqueous MeOH. Melting points are uncorrected and the optical rotations 
were measured at 28-30 


Dehydrofawcettiine (11) 


A solution of fawcettiine (2-4 g) in pyridine (30 ml) was added slowly to a slurry of chromium 
trioxide (4 g) in pyridine (40 ml) while the temperature was maintained below 20 The mixture was 
stirred at room temperature for 9 hr and then made basic with ammonia and extracted with chloroform 


(2-34 


The crude product obtained by evaporation of the -'24 2) was run over alumina in benzene 


affording solid dehydrofaweettiine (1-¢ g) and on further elution unchanged fawcettiine (0-41 g) 
The dehydrofawcettiine was recrystallized from acetone, m.p 139-140", [x]; 68° (c 1:12, EtOH), 
I.R. 1740 and 1240, 1225 (acetate) 1710 (C:O) cm R.D. in EtOH (c 0-045) 25°; [x] -. e 
[x]seg —84°, [x] 1000 } Found: C, 71-0; H, 9-4: O, 15-5: N, 4 C,,H.;NO, 
requires: C, H, 8-9 
rhe methiodide, m p 72° (inserted at 250°), [x] oa EtOH). (Found: 
51:2; H, 68; N, 3-1; 28°6 sH,;NO;.CHglI requires 8; N, 3-1; I, 284%) 


Annofoline (by hydrolysis of WW) 
lo dehydrofawcettiine (1-3 
MeOH (25 ml 
with water 
standing. The annofoli 
EtOH), I.R. 3450 (OH 
identical to tl 
1135 
The 


made 
base (570 me is TU ve ft] dio (1 as ; irthe: 
elution a uodide, 


(b) From 


Starting n ter 


m.p. 310-312 


250 ), showed absorptio1 the I.R 


O, 8-2; 1, 31-6; N-Me, 3-8. C,,H 
N-Me, 3-7%) 


Icetvylatic 


(a) Al peri Deacetylfawcettiine (377 was dissolved 
anhydride added fter r at room temperature e solution was evaporate 


(410 mg) run over a n benzene Ihe first eluate (60 mg) was 


113-117 , mixed melting point and infra-red spectrum to be Base K, V. Further benzene elution gave 


a white crystalline solid (240 mg) which was a mixture of Base K and isofawcettiine (VII) (102 mg), 
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g) in MeOH was added a solution of sodium hydroxide (10 g) in 
: ). After 16 hr at room temperature, the turbid solution was diluted 
niorotorm. Concentration gave an oil (1-2 g) which solidified on 
he recrystallization from ether had m.p. 150-151 132° (¢ 1-05, 
1(C:O)en The infra-red spectra in Nujol 1 in chloroform were a 
R.D. in EtOH (c 0-2) 24 14-5 130-5°, [x] 
OH-—acetone, m.p. 308-—310° (inserted at 240°) Found ( 50-0 
H, 7-0; N, 3-6; I, 31-8. C,,H.;NO..CHg,I requires: C, 50-4: H, 7-0: N. 3-5: J. 31-3 
Annofoline (100 mg) was refluxed for 5 icetic anhydride. After rem« e solve vacuo § 
the residue s dissolved te. which 
showed only one spot o C ric I lide. m.p. 289—290 (inserted at 250°) 
66° (c 1:31, SO EtOH) ne C, H, 6-9; N, C,.H.-NO,.CH,I requires 
C, 51-0; H, 68; N, 3-1%) 
Dehydroclavolonin 
(a) From deacetylfa f Deacetylf ‘ e (795 mg) was s ed in pyridine (7-5 ml) : 
and the solution added to 7 e (15 C chromium trioxide (1-5 g), the temperature ; 
being kept at 20 The mixture wv tirred at r temperature for ? |} t! noured int ter 
‘ o/c ) Clave e (2:27 mg) was ox ed in (a) yiel , rely unchanged 
(1-5 2) and the dione (0-41 g). The me lide, m.p. 310-312 (decomp.., inserted at 
1707 (C:O) en (Four C, 50:2: H, 6-6: N, 3-6: 
0f deacetylfawcettiine 
; n pyridine and acetic 
to dryness a id the oil 
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separated by fractional sublimation tter was sublimed for analysis, m.p. 207 208 , [x}p 


48 
(c 0-87, EtOH). LR. 3100(OH) and | (acetate) c I.R. in carbon tetrachloride 3100, 1726 
and 1240 (shar banc ind §: O, 15-6; O-Ac, 14:3. NO, 
requires ) > 
The met! vas | acetone. (Found C, 50:7: H 
requit 


A 


era 23 2) we above but the temperature 


romatography and 


bed above 


oil (0-4 @ 


(60 ml) and 


100 me) 


MeOH 
ad 34100 
H.,. NO, req 


requl 


hvdroclavolonine but in 


and excess thionyl 
ic taken up in water, 


The brown oil (100 mg) was p irified by alumina 


Hvydroly f VIL (20 McOH (1 ter (1 sodiun hydroxide (0-5 g) 
gave deacctyilawcet e. m.p. 205-207 (mixed fra-red : 
Dehva f ‘ ne 
lsofawce ¢ (0-67 n trioxide vridine as descr: 
The cr ct (0-5 ‘ colourless Hi), 
LR for 1724 45 vak-—acctal 698 (C:O)¢ characterized by 
conver < < 250 Fo ( 0-6: H, 70; N, 3-2: O, 11-4 
1, 28:2. C,.H,-NO,.CH,l re H 8: N, O 1, 28-4 
H Villy VI 
De MeOH 0 ition of sodium 
fort ct nm. 234-235 changed é 
: 
‘ var VC chioro 
fo | eC den xture with dehvdro- : 
Reduction 
edu 
W Mi OH ‘ cc POsc 
the eac ess ted with 
} 106270 6 
{ EtOH | rea co pa sO ind mixed 
m.p 
EtOH C, 530 H | 31-3. C,.H.-NO..CH,I re H. 7-4: 1, 31-2%%) j 
(b) H w ( $00 mg) was d ed 1 rv toluenc 7! 
hy sob 0/5 led spc f sodium ( 
toluene (3 t c Water wv led and the toluene layer taken to 
dryness t c 200 benzene. Sor hanged clavolonine 
(i> m first ‘ lor uc tt dihydro- 
clavolonine (70 mg) p. 2 ) 33 1-01 EtOH), LR ») cm \ : 
sampie W sublimed for a i: H, 10-4; O, 12-6. ¢ res: C, 72-4 
H, 10-3; O, 12 
Reduction of clavolonine by guid ammonia gave the same 2-dihy 
low vield 
inh ydrodeacet vifa ettiine (AX) 
(a) From fa ‘ Ne I 1awece ne (100 mg) was dissolved be cm 
chloride added. After 4 hr is evaporated to d ither 
basified with ammonia and chloroform extracted. 
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chromatography, giving anhydroisofawcettiine (80 mg) as a colourless oil. A portion of the material 


was converted to the methiodide, m p. 258-261", identical with acetylanhydrodeacetylfawcettiine 
methiodide (see later) 
The bulk of the material (S50 mg) was hydrolysed at room temperature in methanolic sodium 


hydroxide iffording 1X (40 mg) 
(b) From deacetylfawcettiine. 1V (700 mg) was dissolved in pyridine and excess ethyl chloroformate 
After 6 hr at room temperature the solution was taken to dryness in vacuo and the residue 
ted with chloroform. The crude ester was run 
blimed for analvsis. 195-196 I.R. 3100 (sh OH). 


H 5. CygHs,NO, requires: 


added 


suspended in water, basified with ammonia and extracted 


over alun 


n benzene at room temperature for 

After drolysis in methanolic 

the crude | duct was run over alumina in benzene giving 
the anhvdrode icetylfawcettiine IX (550 meg) 1 white solid, 


ethiodide rom MeOH) 
NO.CH, I requir N 3-6 


ead to 


C,.H,;NO,.CH,I req 


(X) 


into the 


The coolex 
form was washed with water. dried over um sulphate 
odeoxyclavolonine (XI) (0°66 g) which was recrystallized from 
ned for analvsi + (¢ 1-73 EtOH). I.R. 3380 and 3070 


0; H, 10:8; 59; O, 67. requires 


acetone 
(OH 
( 
Lycopodane (X11) 
(a) From dihydrodeoxyclavolonine. The base (XI) (0-66 2) in pyridine (10 ml) was added to a cold 
1 the oxidation continued with occasional 


slurry of chromium trioxide (3-3 ¢) in pyridine (15 ml) and 


j 
4 
4 
: 
C, 67-6: H, 9-3: O. 19-0: O-Et 13-4°%) 
3 ; The remaining ester was treated wit 
+ hr and the unsat irated ester obtaines 4 
YVUTOAICS a perat 
i first an unidentified oil (80 me) d th ; 
m.p. somewhat variable but ca. 75-85 
O. 68: pK. 9-7. C,.H,.NOr res: ( 0-2; N, 5:7; O, 65%) 3 
: ot Th (Found: C, 52:5: H, 7:5: N, 3-9: I, 32-6 
; I, 326%) 
{cetvlation of anhydrodeacetyifawcettiine 
- = : Treatment of LX (50 g) with pyridine (4 ml) and acetic anhydride at room te nperature for 20 hr <f 
rave an wing acetate peak t 1730 and 1250 ¢ 1 the I red (chloroform s« t )which 
run over alumina and converted m the methiodicd p. 258-261 (Fe 527: 
O, 7-6; 1, 29-2; O-Ac, 10:3. requires: C, 52-9: H. 7-0: O 4: I, 29-4: O-Ac. 
) 
After temper treatment of IV (704 h thionyl chloride ene tor 6 fr and 
c iporatio tuents, the re aAcn up tll ter, bas i and 
ve extracted with chlorofor crude b 680 r) ymatovraphed b na 
iflor: first ntrac ‘ (30 me) a 1(70m sho ) ir band in the 
infra-red. A sublime ple p. 126-128 130° (c 1-04 EtOH Found: C, 72-4 
H.94: 0.00: 13-5. H.,NCI rec 72:3: H.9 1: 0.00: ¢ 
Further elution of the ¢ f ve IX (S00 mg). Room temperature treatme ft 1X with thiony 
chior benzene for 12 hr produced ¢ ( s of t C ro ¢ ) 1 (X) but 
trea IX (130 th the same reagents under reflux for 16 hr gave, after chromatography 
mainlv X (87 me) 
inhydrolofoline 
> 
Lofoline dehydrated re \ hionyl chloride 1 the product, obtained as described previously. 
converted to the met ) p. 261-264 (decomp I.R. 1728, 1253 and 1238 (acetate) cm ; 
(Found: C, 53-1; H, 7-0; N, 2-9. C,,H.;-NO,.CH,I requires: C, 52-9: H. 7-0: N. 32%) 
Sodium (0-4 ¢ diethvlene col was heated to 180 d anhydrous hydrazine dist | a= 
solulio j t reviuxe ireely Clavolor e 2) was adde the cooled solution which : 
wae i for ira vir area ‘ictillad fram th 1 of 
Wi Ne I XC hve ) eh id 
temperature reached 21 220 and refl 
water d chloroform extractec Th 
and evaporated to give the lid dil 
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The product (0-4 ¢) was obtained in the usual manner and 
The ketone (X11) (350 mg) showed I.R. absorption at 1707 


211 1320 


shaking for 6 hr at room temperature 


purified over a short alun 


(¢ FrtOH 0-057) 


ue 
— 1250 ford 
4 keton (770 me) wa biected er re CIO is described adove inording 
tography) wl (XU me 31-5 (c 0-92 EtOH), showing 
seep 0-86 EtOH 4-4 H 8-2: 1, 34-0. Cale. for 
epare 
C,.H.-N.CH,I: C, H, 81; N, 3 I, 
: M le of copodine hyd ¢, and a 
of ethiodide f Dr. W. A. Aye depre ind 
were . 
D Wollfl-Kus educ 
the 
met! 
fo \ 4 
(X10 
A 
> 
O, 64 
1x \ 
I 
/ 
Hofn 
\ 
’ 
C, 736: H O, N-Me, 48. C,,H,,NO, requires: C, 736; H, 98 
: NMR Dr. W. ALA 
ca Mr. B.S. Mo 
hank Dr. F. A. L. A of 
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STUDIES ON THE STEROIDAL COMPONENTS OF 
DOMESTIC PLANTS—XXXIV! 


THE STRUCTURE OF LUVIGENIN, A NEW SAPOGENIN FROM 
METANARTHECIUM LUTEO-VIRIDE MAXIM 


K. TAKEDA, T. OKANISHI, K. IGARASHI and A. SHIMAOKA 
Resear iboratoryv. & Lid... Osaka. J 


Abstract 


IS Sapogenin 
rption bands at 
oxygen, 


yarogenation 


= Tetrahedror Sp | 
etrane Vol. 15, pp. 183001). 
: 
Recs 1961) 
I ddit 1 to two Il-hvdro nono 2 
ack oO twe YOTOXY sapogel igenin and nogiragenin (Ibyp 
Veta hecium lu le Maxi conta renin (11) p lx] 
Ip 
i new sap nin having an aro I nalytical 
Value nin ; ood agrec nt int ror la H..O na its fra-red 
\ 
\ 
\ 
\ 
pect ndicates not only the presence of ring E and F, but also that 
b ' the 25D ser by comparison of t intensities of the abs 
and cr lt is interesting to note that lu enin has only two a 
those present in rings E and I [his sapogenin is resistant to catalytic hi __ 
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under usual conditions. The absorption maxima at 265 (e 260) and 271 mu (e 200) in 

the ultra-violet spectrum (ctf Fig. |) and at 785 and 740 cm™ in the infra-red spectrum 

suggest the presence of a di- or tri-substituted benzene ring. Oxidation with 25 per 


cent nitric acid, although in small amount, vields toluene-2.3-dicarboxylic acid 


anhydride (II1),* m.p. 113 115°, identical by mixed melting point and comparison of 
the infra-red spectra with an authentic specimen Oxidation with 60 per cent nitric 


acid vields a mixture of benzene-! ,2.3 4-tetracarboxvlic acid(1Va)as its tetramethylestet 


(VIb),m.p. 129-131 (identical with the authentic specimen in all respects) together with 
a small amount of a nitro compound, m.p. 65-73", which was assumed to be a mixture 
of x-nitrotoluene-2.3-dicarboxylic esters (V). Although these results indicate the 


presence of a naphthoid group in luvigenin this is not in agreement with the optical 


ey ireens. Ber. Disch. Chem. Ges. 40, 4409 (1907) 
I ser and M. A. Peters, J. Amer. Chem. Sov 54, 4347 (1932). 
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data. It would seem, therefore, that A ring of luvigenin is aromatic with one methyl 
group at C-I or C-4 and that during oxidation aromatization of B ring takes place 
more readily than oxidative cleavage. Similar results have been observed by Wilds and 
Djerassi® in the oxidation of the A'*-5"-cholestatriene derivative with concentrated 
nitric acid. 

In 1958, the Scherling’ and the Butenandt groups® reported independently the 
| .4-dien-3-ol type rearrangement of some steroids, and in these papers they clarified 
that this type of rearrangement afforded the 4-methyl A-benzenoid steroid by the 
action of acid or magnesium silicate. 

From these observations, the most probable structure for luvigenin appears to be 
25D-19-nor-4-methyl-A'?°"-spirostatriene (II), and the synthesis of this compound 
from diosgenin has been achieved 

Diosgenin converted to diosgenone® was dehydrogenated to A'4-titgogenone (VII), 


'” This dienone was 


reduced with LiAIH, in tetrahydrofurane to the dienol (VIII) and treated with acetic 


m.p. 200°, by the action of 2 3-dichloro-5,6-dicyanobenzoquinone. 


acid without purification. The rearranged product, m.p. 183-184°, [x],, —31-6°, was 
identical with luvigenin in all respects 

Since luvigenin has no hydroxyl group in the molecule, it may exist in the plant asa 
proto-type glycoside, whe 1¢ aglycon takes a I, .5-dien-3-ol structure as 
represented by IX or its precursor and this proto-type sapogenin is converted to 


luvigenin during acid hydrolysis of the saponin mixture 


EXPERIMENTAI 
re determined 


mulls using a 


ethanolic HCI 
io and the 

for 1 hr. The 
as a crystalline 
precipitat vas dissolved in 
benzene 
The first ited i mn gave luvigenin as prisms, m.p. 178-180 n 0-016 yield. Pure 
luvigenin, m 3 , wa btained fro ethanol-chloroform recrystallization: [a]; 34-9 
1-130), / 205 (¢ 16,000), 215 10,200), 265 260) and 271 mu 200) 3080, 1585 
(benzene), 981 23 900, 860 (ring F), 785, 740 cm (benzene). (Found . 5; H, 9-67. 


( H..O requires ( 82°18 H, 9-7] ) 


Nitric acid oxidation of luvigenin 


(a) 25 Nitric acid. A mixture of luvigenin (1 ¢) and 25 HNO, (120 ml) was heated on an 


oil bath for 42 hr under reflux. After cooling l¢ reaction mixture was extracted with ether and 


the aqueous layer evaporated to dryness in vac } Both the ether la‘ a the residue from the 


aqueous solution was treated with 10 Na.CoO.. and the combi ied solutions acidified with HCl. and 


extracted with ether From the neutral ethereal fraction, 408 meg of luvigeni was recovered 


A. L. Wilds and C. Djerassi, J. Amer. Chem. Soc. 68, 1712 (1946) 

M. J. Gentles, J. B. Moss, H. L. Herzog and E. B. Hershberg, J. Amer. Chem. Soc. 80, 3702 (1958). 
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An oilv acidic mixture (370 mg) was esterified with an ethereal solution of diazomethane and the 
ester distilled at 150—-180° (bath temp)/0°-4 mm This oily ester (35 mg) was saponified and sublimed 
at 140-160° (bath temp)/0-1 mm. The sublimed substance was recrystallized from hexane to give 


needles, m.p 3 5 mg), (Found: C, 66°75; H, 3-98 C.H,O, requires: C, 66°67; H, 3-73",), 


which was identical with t hen sample of toluene-2,3-dicarboxylic acid anhydride 
(b) 60 Nitric a mixtu luvigenin (1-5 ¢) and 60 HNO, (45 ml) was refluxed for 


24 hr The reaction n wi a er extracted and lu reated with 


np 0-005 mr t 4h rtl meg ime ter, m.p. 130 Amax 2 29500) 


340). (Found 39-5 H.O(OCHSs), ( 


Hi i aentica il ntinet ethyl mello nanat 129 


rraphed 


15.500). (Found 


ame product 

+71°.). This 

The above-ment oned mx ther 
chromatography Elution with pet 


163-165 178°8 


290 


; chromatographed on alut a. The first eluted oily tract (285 mg) was followed by a crystalline ae 
fractio This second fraction on treatme vilh ether gave pris s (ca. 15 meg IVb) m.p 129-131 : 
The tilled ler red pre (b.p 145-190 
289 my 
1.455; 
by mixed m.p. and infra-red spectru i 
rhe t eluted oily yn was dissolvec pet ether-benzene (1:1), and 
: was separated into two fractions: the pet ether—benzene Iraction and the benzene fraction 
The t fraction ed at 140-145 (bath t n 0-004 ind the dist te (90 mg) purified 
by c coal a cry pet—cther 1 ethe xture afforded prisms, m.p. 65 ; 
(Mo Fur er recry illo or t suDds ce n the same solvent did not snow any 
chang inf a im st e 1738 (ester), 1608 (de ene) 
and 1538 and 1360 ¢ f rroup I e presence of the absorp bands corresponding 
to ine group ihc Lic \ it issumed tt ostance i8 a 
mixtu ‘ ne pos er of the oT \ (F< a ( 51-84 Hi 4-39 N. 5°96 
C,,H,,O,N requires: C, 52°17: H, 4:38: N, 5°53 Further int of \ 1a crystalline 
subst e, m.p. 73-76 ve ed {ro en et juor he tter suffice ior 
ex Another crvst e substance (2 m.p 0-98 vas isolated from the second . a 
= benzene eluate but this so fa is not been examined ' 
Lu nfromad 
\ none (VIL). Dtained fron osgenin by the Oppe er oxidation 
é was ac ‘ OTo- Dc pil lute ene ael 
Atte ) Lo e be ene ( ce er (300 | nd 2 KOH 
a sol ‘ 300 mil) CT snec After rem 4 | the olvel the 
res Wi puritie pny ee ition fron iol: VII Lp 
198-200", yield 5-96 g (75 18-7° (c 1-045): 245 mu C, 79-13 
H, 9-34. C,-H,.O, requires: ¢ 8-98: H, 
3 |.4-Dienol (VIII earranzement. To a solution of VII (6 g) in a mixture Oo} ibsolute ether 
: (200 1 ind absolute tetranyad! rane (40 ml) LiAIH, (3 g) e same solve was added at 0-5 
Tl oof far thr then tar » added and th - 
laver vielded crude dk Vill) The mixture of this crude VIIL (6 2), acetic acid (S00 n and 
water (50 ml) was refluxed for 5 mir d allowed to stand overnight. The crystalline precipitate was 
collected and recrysta r€ om mett 1 to give | 70 e rearran ent product, m.p. 183-184 
i Further addition of wat 1-5 1.) to the mother liquor. afforded a 
[x]; 31-6" (c 1-065). (Found: C, 82-07: H, 9°87. Oe! ; 
was identical with | ( by mixed m.p. and inira-red spe 
liquor was evaporated to dryness an he residue was purified OY ‘ 
ether-benzene (10:1) ed 163 mg of A*®-25D-spirostadiene, m.p. 
© 1-025). Amax 228 my (e 22,800). (Found: C, 81-71: H, 10-26. Cy;H, oO, requires: C, 81-76: H, 
: 10-17 while with pet ether—Ddenzene (1:1) vield me of diosgenone 
Pre j { 33, 570 (1957) 
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Abstract—The reactions of 1,2-epoxypropane (I) and 2-methyl-2,3-epoxypentane (II) with various 
primary and secondary amines and with hexahydrophthalic anhydride in the presence of hydroxylic 
catalysts have been studied. The direction of ring opening of the epoxides on reaction with the amines 
is unaltered by the presence of phenol as catalyst, and involves attack at the least substituted carbon 
atom of the epoxide ring rhe structures of the piperidino adducts (viz. 1V and V) derived from the 
phenol-catalysed reaction of piperidine with I and II, respectively, were proved by unambiguous 
syntheses of IV and V by the interaction of the corresponding chlorhydrin with piperidine. With 
hexahydrophthalic anhydride in the presence of water, I gave a low molecular weight polymeric ester 
whereas II afforded mainly a diadduct derived from the reaction of two molecules of II with one 
molecule of the anhydride. Reaction mechanisms are discussed briefly 


LitrLe work has been reported on the reaction of highly alkyl-substituted epoxides, 
particularly those derived from trialkylethylenes, with amines and carboxylic acid 
anhydrides in the absence of hydroxylic solvents. Results to be reported elsewhere! 
describe the partial or complete epoxidation of natural rubber to give modified rubbers 
which contain the epoxide structure III, and which can be subsequently crosslinked 
with bifunctional reagents such as primary diamines or carboxylic acid anhydrides. 
The present paper is concerned with the reactions of 1,2-epoxypropane (I) and 
2-methyl-2,3-epoxypentane (I1)—the latter being a model for natural rubber epoxide 


with amines and a carboxylic acid anhydride. 


{minolysis of epoxides. The datain Table | indicate the comparative reactivities of 


primary and secondary alkylamines with 2-methyl-2,3-epoxypentane (II) in the 
presence or absence of phenol as catalyst and in the absence of hydroxylic solvents. 
Interaction of If occurs with primary alkylamines but not with the more sterically- 
hindered diethylamine. n-Butylamine reacts only in the presence of phenol, this effect 
being in keeping with the known catalysis by phenols of the aminolysis of epoxides.” 
Primary alkyldiamines are more reactive than n-butylamine and yield both mono- and 
diadducts by reaction with either one or two molecules of the epoxide; the relative 
proportions of the mono- and di-adducts depend on the relative proportions of the 
reactants and catalyst (phenol). Reaction of piperidine with II under the conditions 


! T. Colclough, to be published 
2 L. Shechter, J. Wynstra and R. P. Kurkjy, /ndustr. Engng. Chem. 48, 94 (1956). 
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TABLE 1. REACTION OF 2-METHYL-2: 3-EPOXYPENTANE (11) WITH AMINES AT 140 


Yield of products 
Monoadduct Diadduct 


(mole nitial amine) 


Reaction 


pheno time (fir) 


Bu" NH 
Bu"NH 
NHACH,) 
NH ACH 
NH ACH 
NHACH 
Et.NH 
Et.NH 


specil ed in 
Reaction 
94 per cel 


piper- 


replaced by pip 


idinopropan-|- were synthesized by reactior line with the appropriate 


both IV and 


loroalco 


VI were obtained I 


R. Hawk 


: Amine 
: 1:11:01 40 70 
NH 1:1:0 14 25 ~s 
NH 14 50 ~45 
NH > 14 ~ 20 80 
NH 16 40 10 
1:1:0 
NH 4) 100 
S, Table | gave a quantitative yield « ethyl-5-piperiamopentan 2-ol (V: 
i identified and estimated as its hydrochloride. Phenol was recovered in 
yield 
= PhOH 
R.NH CH-CH.Me > Me,C—CH-CH,Me 
Cc OH NR 
¥ 
where R.NH pipe e) 
11 b Iw nt tir thwywi.? lore 
; The adduct \V iS SVI sized unambiguously by interaction ol . ethyl-3-chloro- 
nentan-2-ol with piperidine under conditions leading to direct displacement of the 
lj d 
oy the pipe»©ria will ut the intermediary torn ition of the 
msistentiy. t te! ion ot | epoxypropane (1) wit uperidine eithel 
in the absence or presence of phenol yicids |-piperidinopropan | (1V) as the sole 
product (React >), ame ting that opening of the epoxide ring In these systems, as in 
others reported the literature.” occurs DY CX sive or predominant attack of the 
amine at the icast DOstituted ato Reaction of | to give IN xclusively is also 
observed when water plus phenol is used to catalyse Reaction 2 and when piperidine ts 
N catalyst 
R NH r4 CH: Me > R.N-CH CH-Me (2) 
sr PhOH 
4 OH 
: (where R.NH piperidine) 
ridine hydrochloride. The aminoalcohol IV and the isomeric 
oe He rec from their isomers, thus contirming that the aminoalcohols are 
ns iR. A.B. B d. ne %. 2720 (1958 
“R N.S. 59. N. B. ma N. S. Isaa d R. I 
Parker, J. Chem. S 49 1960 
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formed by direct displacement of the chlorine atom by the amine and not via the 
epoxide which then subsequently reacts with the amine. 

The phenol catalysed reaction of 2-methyl-2,3-epoxypentane (II) with piperidine is 
much slower than the comparable reaction of the less alkyl-substituted | ,2-epoxy- 
propane (Fig. 1). This feature, together with the orientation of addition of piperidine 
to II in the presence of phenol (Reaction 1) and the lack of reactivity of Il towards 


more sterically hindere ( ilkylamines (Table 1), suggests that Reaction | 


proceec he uncatalysed epoxide-amine interactions. 


by an 
mechanism involving attack by the amine at the least substituted carbon atom of the 
epoxide ring IS sugs ed that the function of the phen 1 or other hydroxylic 


material is to transfer a proton to the oxy-anion in the transition state 


HNR HNR HNR 


Me,C--CH-CH,Me CH-CH,Me Me,C--CH-CH,Me + PhO 


OH 


(3) 
NR 


>» Me,C-—CH-CH,Me + PhOH 


OH 


[his mechanism implies that weakly acidic phenols should be more effective catalysts 

than alcohols or water, whereas stronger acids would be less effective than phenols 

since such acids would be effectively removy by salt formation with the amine. In 

keeping with this, no reaction occurs between piperidine p-toluene sulphonate and I] 
pins 

under the conditions used for Reaction | 


Reactions of epoxides with carboxylic acids and anhydrides. The complex nature of 


100 — 
- 
| | 
| 
- | 
| 
BO | | 
| 
i 
4 
| 
4 J 
‘ 3 t 
I The p imme portions of piperidine wit (a) 1.2 ‘ 
\ 
) 
O (—) 
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the products resulting from epoxide-carboxylic acid interaction has been described by 


Hickinbottom and Hogg.® The several processes involved viz: esterification, etherif- 
cation. dehydration and isomerization, and thet relative proportions are dependent 
on the structure of the ep yxide. the strength of the acid, and experimental condiuions 
For example. although trichloracetic acid 1s known to cause isomerization « 
dimethyl-2.3-epoxybutane to ; } does not nerize Il with which it 1 


S! ati found quite diflerent reactivities displayed 


exothermically at 
by I and II when they are ised react ' exahydrophthalic anhydride and water 
at 140 Thus. the former epoxi rave ; per nt vield of a low molect 

polymer containing yf rs ther groups,” suggesting the occurrence 


followimneg sequc 


with acetic 


“ast substituted carbon 


her with carboxylic acid or ¢ 


‘ 
HO 1) 
Me CH C ( ) > [Me CH-CH C_H CO 
OH 
Mm, H -Me Me 4 CH. CHM if 
a ) CH. -¢ ) OH 
: 
H Cc C.H,.(CO),O 
aa etc 
In contrast, 1 paral n of the trialkylethylene epoxide (II) yield TT y 
f il. and 
H.O 
Me H.CH Me CH ) 
M CH-CH Me HiCH_M Me 
) O 
vil 
Th 110 i ring openil iu epoxides nin Reaction 4and 5 not 
beer } om tablished, th it mior with the results of Graha cla 
on the interaction of 1,2-epoxy-2,4,4-trimethylpentane wim acid. Indirect 
evidence for t ittack of carboxylate groups at the ol 
nmetri DOXId ngs 1s unlik id not fo solymer on ion 
Lt uns) etrical ey e rings is that Il, u e I, did not form a ] me 
‘ with the anhydride and water, being attributed to t formation of iar\ 
con hvdroxvl groups as in VII which cannot react further i po xidc 
- W. J. Hick ti iD. R. Hogg. J. Chem. Soc. 4200 (1954) 
F.} 44.155 (19 und 1 thereir 
nary \.F.M dge and D. P. ¥ ng, J. Chem. S 2180 (1954) 
2 
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functions. Consistent with this, the fertiary alcohol. 2-methylpentan-2-ol does not 


undergo esterification on reaction with hexahydrophthalic anhydride or succinic acid 
at 140°, but affords a mixture of A'- and A*®-2-methylpentenes. 


EXPERIMENTAI 


ee: 2-Epoxypropane, b.p. 37° /756 mm, was 100 pure when analysed by the method of 
Ju ck cla | line drochioride in chloroform as reagent. 2-Methy, 2,3-epoxypentane, 
b.p. 97-2-97-8°/768 mm, » 3954 (Found: C, 71-8; H, 12-1; O, 16-4. C,H,,O requires: C, 71-9: 
Hi 2 0. 160 ) was obtained in 80 yield from the interaction of 2-methy pent-2-ene and 

perd< cid ethviene dichioride U-—5 followed by fractionation of the crude epoxide 

thr 40-plate colu ind was found by ira-red at ilysis to be free from phenyl hydroxyl and 

carb roups. 1I-Chloropropan-2-ol b.p. mm, 1-4401 (Found: C, 37-7: H. 

7 ( 8-3. Calc. for C,H-OC C, 38:1; H, 7-4: Cl, 37+ ) was prepared by the lithium alum- 


70 mm, 


luction olf 


o be free 
ps. 2-Methyl-3-ch ( b.p. 92-94°/84 mm, » 1-4445 (Found: C. 


5?-6: H 6: 26°6. C,.H,,OCI requires: C, 52-8: H. 9-6: 26°0°%) prepared from the 


Amines 


rect ed from met l—ether mixture Hexahydrop! ilic anhydride i b.p. 146°/15 mm, 


is ODtained 


re te f piper and sropan-2-ol (1 1 for 16 hr 


NOC! 


H 


Genera rocedure All reac ms were ¢ cted SCA l€ tut } d React products 


React 


Interaction of equimo ir Quantities of the vO reactants for 16 hr at 140 gave |-piperidir ypropan- 


2-01 (100°). identified as its hydrochloride, which had m.p. and mixed m.p. w iuthentic compound, 


Mitchell) 


F. E. Critchfield and J. B. Joh . (19 
C. D. Wagner, R. M. Brown and E. D. Peters, J. Amer. Che Soc. 69, 2609 (1947 


; 
‘ 
a 
; $394 (} d ( 37-9 H. 7-7 Cl. 37-3 ) was prepared by the comparable 1 EE 
reac d pe 2-ene ypoc ac e method of W yn and Lucas 
ver fractionated belore use Pip \ p. 242 (1 242 as purified 
S. Calc C,H,.0,;: ¢ 24; H, 65 
P ition of reference compounds, 1-Piperidinopropan-2-ol, b.p. 105-110°/40 mm, wa 
at 140 acuo; it gave a hydrox e,m.p. 159° (Found: N, 7-7; Cl, 19-6. Calc. for C,H, Zi: 
eet N Cl, 19-7 The comparable rea f piperidine 2-chloropropan-l-ol gave 2- 
pip l-ol (40 bn. 118 1-4680 66°8: H. 12 N >. Calc 
for C.H,-NO: C, 67-1; H, 12-0; N, ea chloride having p. 117-119 
yO. ¢ r CH, NOC Hi U 7 Ther mtd ces DE ee the 
2-M 3-pipe % 2 (94 ) ed from the react f 2-methyl-3-chloro 
pent 2 (1 mok e (2 ? t 14 { ed as the 
p. 152°. (Found: C, 59-2; H, 10-8; N, 6-7: Cl, 163. C,,H.,NOCI requires 
H, 10-9: N_ 63: ¢ 16°0".) 
Reaction of epoxides with amines 7 
were a ed tor secondary groups use OT ai ca in ethod and tor tertiary 
the presence or absence of phenol as cataly 
MB jon of 1,2-epoxypropane with piperidine 
* 3. I Jungnickel, E. D. Peters, A. Polgar and F. T. Weiss, Organic Analysis (Edited by J]. == : 
| Vo 12 Ir cience, N York (19 
: ‘IDI rds, W. Gert land M. F. Lappert.J/. Chem. S 348 (1957 
; W. Fickett, H. K. Garner and H. J. Lucas, J. Amer. Chem. Soc. 73, 5063 (1951). 
12 
). 
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189° (Found: C, 53 10-1: Cl, 19-6. Calc. for C,H,,.NOCI H, 10-1; Cl. 19-7°%,) and 


ident cal infra-red wil | authentic co npound The infra-red spectrum differed 


shehtiy from that 


( ompat ible reaction of the ep xide 
phenol (0:1 mole), and 


mole) 1-piperidinopropan- 


(hydrochloride, m 


it 140° and the product 


the ar ii extract 


le (100°). 153° and 


for ¢ 


1 mole) for 4 hrs at 140 


in olefinic mixture 


(Found: C, 14 2-methylpent-l-ene (0-7 g) and 


2-methylpent 2 v nic acid (496 was recovered 


Acknowledgement We thank Mr. M. B. Evans and Mr. G. M. C. Higgins for the spectroscopic data 


part of the research programme undertaken by the Natural Rubber Pro- 


in this work whic! 5 


ducers Research Association 


f 
(1 mole) with (1), pip ae 
2-ol, and mixed m.p. ) 
Reaction of Z-methyil 2. 3-epoxvypentan h pipe line 
2 The reactants (1 mole eact d phe | mole) were heated for 40 hr (i __ Ty: 
4 ae was treated with aqueous alk d then extracted with ether. Tre 1 0 
nixed m.p. wit the cc $2 C. 59-4: H, 10-7: N, 63: Cl, 16°3%,), having 
ie nfira-red spect dent i the hentic d. Phenol recovered trom the 
R 
epoxide i] 140) oO! tment of the 
res uc | ether-solubDle [ractio 
(12 of re efo este epoxide 
dicarboxylic acid d: 60 H, O, 30 Miet benzene), 1160; Sap 
iluc $2. Calc. H.O: C. 61:2: H, O, 30 M. 1099: Sar value, 137) 
ttral } 14 WwW) tect nr 
OH groups, b )-dicarboxylic ac cared be Acidification 
(5:7 re C, 58:7: H, 8&0: O, 31-2 Mieb benzene), 390: Sapn 
value 21¢ CO.H 
tio rdex he ed ke f epoxide b.p x0) 
unidentified produc 22 b.p. 26-37 0-0 Found: C, 70-8: H,11-9;0 
: 17-2; Miebul, be e). 202.190. Calc. for C,.H,,O,: C, 71-9: H, 12:1; 0, 160 M, 200) which 
cor ed ether and Or rouy ind VISCO residue (8-3 g) 
Ing ble at 140 0-0 ybably n ?-methyl-2-hydroxy-3-pentyl) hexa 
: hydrophthalate ¢ ed < cactes dride (0-8 ¢) (Found: C, 649; H, 90; O 
26°0; Sapn. value 220; Mieb 362.357. Calc. for C.,H,O,: C, 64-6; H, 9-7; O, 25°8 
Sapn. value, 186; M, 372). Thi ra-red spectrum of | vas consistent with it being an hydroxy 
ester or 
R tion of Jupp j j nod with j j 
(1) After 4 hr he { 1) . e of the co te. 2 moles) and anhydride (4-02 g 
a 1 mole) gave a vo e Trac +7 2), b.p. 65-67 /760 mi i« fied by fra-red spectrometry as a 
mixture of 2-methylipe l-ene nethyipe 2-ene (3-8 g). The residual crystalline solid 
vas hexahydroph c acid (4 182-184° (Found: C, 560; H, 7-4. Calc. 
C, 55-8: H, 7:1 
(2) Reaction of the alco (7-42, 2 s) with succinic acid (4-28 ¢, = 
viel 7-15 ) 54-76 760 ng 
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ALTERED SELECTIVITY OF REDUCTION OF 
STEROIDAL CARBONYLS 
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Abstract—The reduction of steroidal ketones in different solvents yielded different products. These 
conditions which altered the norma path, yielded a selective reduct f the A‘ 3 carbonyl without the 
conco t reduction of the C-17 or C-—20 ketone this pe tted a one step partial synthesis of 
36-hydroxy-A‘ pregnen-20-one (1), 3/-hydroxy-Sa-pregnan-20-one (II), and of 38,118-dihvdroxy- 
androstan-17-one (1V) 


CONSIDERABLE interest has been centered on 3/-hydroxy-A*-pregnen-20-one (I) and 


related compounds as potential progestational substances. I has been previously 


prepared by classical procedures which involved lengthy multistep synthesis often with 


poor yields.** It was hoped that with the establishment of proper conditions such 
0 ono Veg 
MAJOR PRODUCT on MAJOR PRODUCT 
‘ 


jon | | 


MINOR PRODUCT PG AA MINOR PRODUCT 
j 
wor + 
MAIOR PRODUCT MINOR PRODUCT 


620 HC~OH 


Na BH, Py 
I 


compounds might be prepared by a specific one step reduction of the C-3 group of the 


appropriate derivative using one of the metal hydrides. Such an approach was not 


previously attempted because preparative studies have demonstrated that the reactivity 


of steroid ketones with NaBH , does not follow a steric course: 20 ketone being reduced 


? Present address: Biochemistry Section, Weizmann Institute of Science. Rehovoth, Israel. 
* This investigation was aided by a grant from the Julius Schmid Cx mpan\ 

5M. Gut, J. Ore. Chem. 21, 1327 (1956) 

‘; Sondheimer and Y. Klibansky, Tetrahedron 5, 15 (1959). 
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preferentially to A‘-3 as demonstrated by the following order: 3 17 or 20 

11 ketone.®? Selectivity of reduction was increased in the presence of pyridine.’ 
{1 in MeOH with steroids containing 


While preparative studies which were conductec 
multiple ketonic functions showed that 17 and 20 ketones were reduced preferentially 


to the A*-3 ketone.® kinetic data with monoketonic steroids in anhydrous isopropanol 
12 j At3 17 20 


The present study demonstrates a method for the selective reduction of the A*-3 


carbonyl with NaBH, in anhydrous isopropanol to the 38-hydroxy-A* compound 


indicated a reversed order," 


without concomitant reduction of the C-20 carbonyl. Similarly with NaBH, in 
pyridine, reduction of the A‘ carbonyl was preferential to that of 17 and 20 ketones; 
but under these latter conditions saturation of the dou 
On the other hand reduction of fluor gesterone in pyridine followed the 
ive reduction of the 20-carbonyl. These 


ble bond also took place. 


normal’ route and resulted wi 


findings allowed 1 and of 38-hydroxy-5x-pregnan-20-one (11) from 
ester n-17-one (1V) from 


36, 1049 (1958) 


er and J 
os. J. O 


hould be taken to avoid proio th acid to avoid elim 


¢ 
‘ 
LY 
HO 
H W 
dione Dy a one step reduction. 
: EXPERIMENTAI 
=," P est (200 solv ni s isopropanol 
the 1 (Na,SO cs ler rex 1 pre Infra-red 
ac y if {)) tur ai 4 
wa OON He s NaHCO | Na.SO, and 
eval to ed 2-90 (OH ) 
(C— 1 onl C=O f neutra 1 and 
el I ed f 50me (2 y 1) of 
cr tan 6] (OH), 5°92 QO) and 
61 (C=¢) the sampl repared by a d rent 
route 
2 4-) 5 20-one (11). P 200 mg.0-64 mmole) was d ved nhy 1S 
tc W added e resulting mmediately extracted with 
1. K. Ne harsh G. F. ‘ 342 55 
E. H. \ r.F.G er, J. Amer. Ci 74, 2814 (1952) 
; O.M i, H. J. Ringold, C. D G. Rosenkranz F. Sondheimer, J. Amer. Chem. Soc. 75, 128¢ 
ia *O. Mancet 4. Zaffaro B. A. Rubin. F. Sondheimer, G. Rosenkranz and C. Djerassi, J. Amer. Chem 
; S 74, 3 1 (1952) 
( ' A. H. Sol 4S. Deutsch and T. F. Gallagher, J. Amer. Chem. Soc. 75, 2356 (1953) 
Ne N. N. Suvorov and Z. A. Varoslartsera, Zh. Obsch. Khim. 29, 2889 (1959 Chem. Abstr. 54, 12197 ; 
(1960 
"oO. H. WI | L. Mateos, Canad. J. Chem. 
24, 2034 
13 Care nation of the allylic alcoho 
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ether. The ether phase was washed with cold 0-2N HCl, 5° cold NaHCO, and water (till neutral); 
dried over Na,SO, and evaporated under reduced pressure to dryness. The resulting oil (214 mg) 


showed in the infra-red, an insignificant reduction of the 20 ketone but a considerable reduction of 
the A*-3 ketone and an appearance of a band at 2:75 « (OH) 227°" indicated 20°% of residual con- 


jugated ketone. Chromatography on silica gel and elution with benzene ethylacetate mixtures 


yielded 122 mg of crystalline material. Crystallization from ether and from acetone resulted in 


colorless plates; m.p. 189-192°; reported’ m.p. 194 The substance showed no absorption in the 


ultra-violet between 220-290 mu and no U.\ absorption after prolonged acid treatment, which was 


indicative of no traces of allylic alcohol. Infra-red spectrum was identical to that of an authentic 


sample of 3/-hy droxy-5a-pregnan-20-one 


21-fluoro-A*-pregnen-20-ol-3-one (Ill). 21-Fluoroprogesterone (m.p. 140-145°: 50 mg) was 
/ 4 


dissolved in pyridine (0-5 ml) to which was added NaBH, (12 mg). The solution was mixed at room 


temp for 4hr. The reaction mixture was worked up similarly to that described for II resulting in 


44 mg of oil. The infra-red spectrum indicated a total reduction of 20-ketone and practically no 


reduction of A*-3 ketone. Chromatography on silica gel and elution with benzene ethylacetate 


mixtures yielded a colorless oil. A fraction of this oil was chromatographed on paper in the ligroin 


propylene glycol, located on paper by its U.V. absorption. Elution with methanol and methylene 


chloride resulted in a crystalline solid; m p. 142-152°, Aha 2°90 (OH), 6-0, 6:2 (conj C—O) and no 
band at 5-79 (x-fluoro C=O) /Me°™ 241, 13,100 (calculated for II]). Oxidation of III without 
5-80 («-fluoro 6°05 (coni ¢ QO) 


and no band at 2:90 « (OH). The infra-red spectrum was identical to that of 21-fluoroprogesterone 


further purification by Py-Cro, complex yielded an oil 7 


3, 11$-dihydroxy-androstan-17-one (1V). 118-Hydroxy-A*-androstene-3. 17-dione (75 mg) was 


4 


dissolved in cold pyridine (1 ml) containing NaBH, (19 mg) and mixed at room ten p for 44 hr. The 


reaction mixture was worked up similarly to that described for II (numerous extractions were required 


because of water solubility of the products) 


Chromatography on neutral alumina, yielded colorless amorphous substance. Two crystal- 
lizations from ether yielded crystals melting at 228-231 reported’ 234-235 The crystals showed 
no U.V. absorption in the ultra-violet between 220-290 mu; /*®" 2-85 (OH), 5-80 (cyclopentyl C—O) 


and no absorption at 6-6-2 


Results and Discussion 


The method described permits a simple one step preparation of 3f-hydroxy-A‘- 


pregnen-20-one (1), 3 -hydroxy-5z-pregnan-2\ -one (Il) and of 11$-dihydroxy- 


androstan-17-one (IV) 


It is interesting to note that a mere change in the solvent employed had modified 
the site of NaBH, attack, i,e., the reduction of progesterone in MeOH resulted mainly 
in 20/-hydroxy-\*-pregnen-3-one with an occasional formation of A‘-pregnen-3(. 
20)-diol,® in is propanol yielded mainly | with onl mall quantities of II and in 


pyriaine yielded mainly Il and occasionally significant quantities of | But in no case 


could we demonstrate significant formation of 208-hydroxy-A*-pregnen-3-one in either 


isopropanol or pyridine 


trione in methanol yielded testosterone and 11-ketotestosterone respective! On the 
other hand, the reduction of 11/-hydr \*-androstene-3,17-dione pyridine yielded 
IV: here again no 11/-hydroxy-testosterone could be demonstrated 

While the At.3 ketone is least hindered steric ih and therefore should be most 
reactive, its slow reactivity has been attributed to resonance interactions which tend to 
reduce the charge on the ketone group.'! Thus. conditions which will tend to decrease 


the importance of this interaction will tend to increase the reactivity of the A?-3 ketone. 


This may well be the case when isopropanol and pyridine instead of methanol are 
I 


employed. 


‘4 A. Butenandt and U. Westphal. Ber. Dtsh. Chem. Ges. 67, 1440 (1934). 
18 J, von Euw and T. Reichstein. Helv. Chim. Acta 25, 988 (1942) 


i 
: 
tion of A*-androstene-3.17-dione and A*-androstene-3.11 
J 
4 
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Our results indicate that a delicate balance of steric and polar factors is at play and 
a slight shift in the magnitude of each will tend to effect the course of the reaction. 
This could be demonstrated in the reduction of 21-fluoroprogesterone in pyridine. 
The inductive effect of a vicinal fluorine has increased the reactivity of the C-20 
carbonyl and allowed a selective reduction of the 20 carbonyl. Kinetic studies have 


demonstrated that the rate of reduction of ?-bromo-3-keto is ten fold that of the 


corresponding unsubstituted 3 keto." 


In addition. it is interesting to note that the reduction of A*-3 keto groups with a 


large excess of NaBH, yielded saturated products, 1.¢ 38-hydroxy-5« derivatives. 


While the reduction in isopropanol when the molar ratio of NaBH, :steroid was 1:1, 
yielded primarily the allvlic alcohol, a mere increase in this ratio to 2:1 yielded as much 


as 60 per cent ol the saturated product. Similarly, progesterone-20-ethylene ketal in 
90 per cent ethanol vielded the saturated derivative Sa-pregnan-3 }-O]-20 ethylene 
ketal: the molar ratio of NaBH, to steroid was 10:1 and the reaction time was 16 


‘ On the other hand. a similar reaction in methanol with a lower molar ratio of 


hours 
NaBH, to steroid (3-5:1) and a shorter reaction time (2 hours) vielded 3$-hydroxy- 


A*-pregnen-20-ethylene ketal in good yields 
Ackn mwiedvementl nk Drs qsrevory Pincus Kar! Kopecky, H J Ringold and 


Enrico Forchielli fo 


4 
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PHOTOCHEMICAL TRANSFORMATIONS—VIIL2 


THE ISOMERIZATION OF A?*5-BICYCLOJ2.2.1JHEPTADIENE TO 
HEPTANE (QUADRICYCLENE)* 


WILLIAM G. DAUBEN and RoserT L. CARGILL? 


Department of Chemistry, University of California, Berkeley, Calif 
(Received 17 March 1961) 


Abstract— [2 heptadiene (IIl) upon ultraviolet irradiation was isomerized in 67 per 
cent yield to the valence tautomeric quadricyclene (IV) which, in turn, upon being heated. reformed 


Ill. The reaction with hydrogen, with acetic acid and with bromine were studied 


IN 1954, Cristol and Snell* reported the first preparation of the quadricyclo- 
2.2.1-0°.°0*-?] heptane ring system. Previous workers*® had attempted the synthesis of 
parent compound of this ring system by purely chemical methods but met with no 
success. Cristol and Snell* found that A*.°-bicyclo[2.2.1}heptadiene-2,3-dicarboxylic 
acid (1) upon ultraviolet irradiation was readily transformed to its valence tautomeric 
structure (II) and they viewed the reaction as proceeding by activation of one of the 
carbon-carbon double bonds(most likely the unsaturated acid moiety) followed by reac- 
tion of this photoactivated bond with the other double bond. The conversion of carvone 
to carvone camphor is a similar photochemical reaction in which an activated double 


bond reacts with a near but not activated olefinic linkage.’ However, on the basis of a 


study of the ultraviolet spectra of I and related materials, Jones, Mansfield and 
Whiting* have suggested that one of the excited electronic states in which the non- 
conjugated double bond interacts with the conjugated diacid system may be involved 
in this photochemical isomerization. Recently, Wilcox, Winstein and McMillan,® 
using semiempirical wave mechanical calculations, showed that in the lowest excited 
State (a complex band in the 215 my region) of the parent hydrocarbon, A?.®-bicyclo- 
[2.2.1 }heptadiene (II]), which contains no formally conjugated groups, there is 


interaction between the two isolated double bonds. If such an excited state is involved 


* For paper VII, see W. G. Dauben, K. Koch, O. I hapman and S. L. Smith, J. Amer. Chem. Soc. 83, 


1768 


* This or was supported n part by Grant No 6)-Bio, U.S uDil ealt Service 
* For nome! uture, see S. J. Cristol and R. L. Sne imer. Chem. S , 1950 (1958) 
* Postdoctora yw, U.S. Public Health Service, 1960-1961 
Chem. Ges. 74, 1 (1941) 
d E. M. Falasco, Abstracts of Papers presented at the 125th Meeti: 
cal Society, Kansas City, Missouri, March, 1954, p. 39-N 

* G. Biichi and I. M. Goldman, J. Amer. Chem. Soc. 79, 4741 (1957) 
*E. R. H. Jones, G. H. Mansfield and M. C. Whiting, J. Chem. Soc. 4078 (1956) 


*C. F. Wilcox, S. Winstein and W. G. McMillan, J. Amer. Chem. Soc. 82, 5450 (1960) 
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in the valence tautomeric reaction then it should be possible to convert III to the 


valence tautomeric IV, quadricyclene."® 
When an ethereal solution of A*#-bicyclo[2.2.1 }heptadiene (II]) was irradiated 


with a G.E. AH-6 high pressure met amp. all the characteristic ultraviolet bands 


of III disappeared and ‘nd a potion a s dropped to about 25 per cent of 


the original value . short nath stillati there was obtained in 67 vield a 
400). The irradiation product 


and upon being heated 


as readily converted to III 


: 
upon normal adistiiiation Siowly reverted to ine Git 
4 Ry 
4a Br 
or 
+ > 
x 
z Such a heat induced revers c ick tic of a valence tautomeric structure sucn as 
| me COTM t no Keictal rearrangement had 
oO IV ut tetr vdrogenation vielded bicycloheptane (V) 
| sp of expected a er iro that ne 
star i ii! ound p ia band at 3040 cm™ (olefinic : 
hydr stret hich was about one-third that of the IYO CI 
ha i ‘ turate Cl 1 rpt nm and also showed a very intense 
° 
equal to the 2990 c1 band. The cisoid 
a 
fTeared heet ler for the 
proto! This feature, together 
to f+} hath. 
| cps) and represented the absorption of 
nd ¢ The &-.SO hand | 
rp SIX protons ihe structure ol 
bet } : Ss d be ft for the hydrogens on the two 
| » Phe \ ht repr 
Wiley, New York (195¢ 
kK K Laboratory, U.S. Department of 
4 
Gs. S H. J. Ber | A Nu Vaenetic nance 
4 McGraw-H New York 
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cyclopropyl rings, the protons on C, and C, being slightly different from those on C,, 
Cs, C, and C,. Of particular interest was the position of these cyclopropyl hydrogen 
absorptions. In a _ simple substituted cyclopropane, such as norcarane 
(bicyclo[4.1.0Jheptane), the methylene protons absorb at 9-987 and the methine cyclo- 
propyl protons at 9-297."* A similar methine cyclopropyl proton in nortryclene 


absorbs still lower at 8-997. Thus. the lowering of the cyclopropyl proton absorption 


af 


highly strained struc 


ny 


i for 2¢ it roon 


nortricyclyl acetate (VI) ar 
| |heptadiene 
found 
reacted rapid! 
(VIII) and ex 
[his conversion of A*.5-bicyclo{2.2 eptadiene juadricyclene by means of 
ultraviolet irradia and the previous finding okson and Cr well'® using 


Isodrin, point to the possibility of preparing high ained syste by ring closure 


K B Wiberg vate 
’ S. J. Cristol and R. T 


' 
| 
4 
i¥ A 
p wy 
1 NMR 1\ 
cyclopropyl ri idjacent planes « 1 be pected to deshield 1 cyclopropyl 
hyd is even more. A similar ' di e related diacid II of Cristol and 
Snel CYCIOT py en extra! ering 
IS Gue to a deshieldi \ e cart cn in cyc propanecarDoxylic acid 
i own to lower ; y abou unit (methylene pri in cyclopropane- 
CATOOXVIIC acid, 4 
Quadricyclene was quite stabl en stored, but, as \ d be expected for such a 
EE re, the com d wa ite reactive. When 1V was allowed to 
communicatior 
: LaLonde, J. Amer. Chem. Soc. 80, 4355 (1958 ‘ 
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between any two isolated, but nearby, olefinic double bonds if the latter groups 


as measured by the ultraviolet absorption, show interaction in an electronic excited 
State 
EXPERIMENTAI 
Quad ne (quadricyclene) (1V) 
\ 
radi 


revertes 


reactions I I in pure samples ol 
“quad! cyciene is 14804 determined 
by mass spectromet 


(Found: ¢ 


1 absorption, 


guad ptadiene (A111) 
f 109 1 atmosphere was sealed a Pyrex tube and 
the tu was heated inalyzed 


by VPC, using a DEGS ce 


ts, the 
DEGS 


eptadiene by 


of the fas 


d spectra al slower moving materia mit was 


unreacted quadricycle 


Hydrogenation juads 

4 solution of 103 mg in 15 ml of dry ether was hydrogenated over 26 mg ol 
prereduced pl ti ! itn ! essu ind At the end of 25 min mil (2 mmoles) 
of hydrogen The 
the product co t from 


hy 
cataly re 


VPC (DEGS 


etention oO! t were 


those of an auther jheptane prepared by h venation ol 


identical wit! 


bicyclo[2.2.1 Jheptadier 


Reactions of quadricycie (1V) with acetic acid 


Ether (2 ml) and iter (4 ml) were ac ( rnd the excess 


(0-675 mmole) of 


V in 1-0 ml of glacial acetic acid was allowed to stand 


under 
acetic aci vid sodium bicarbonate The two layers were 
water layer ex om the combined ether layer two esters were isolated in approximately 


a, Berkeley 


t the unknown compound in question 


** Analyse 
Ider c 
and the ssed identica when the two components were mixed, 
only as e pea heerved 
Development Company 
upparatus, see W. G. Da 
Wilkens Instrum 


Shell Development Company, for this determination 


lron 12. 186 (1961). 


a water-Datn at ov unl tne Ol as 
extracted W 1a saturated tion Of Silver nit vasned vater, dried ind ¢ entrated by 
distillation to a volume of about 20 rhe ethereal solution upon VPC, after the ether peak, ee 
; showed one peak (DEGS colu 48°, rete ) me, 5 Phe product s distilled through 
a short path still and arbitrarily three trac s of colorie listillate were collected, block tempera- | 
ture, 50-60", 60-75", and 75-77". VP¢ showed that each fraction contained a sm mount 
1 and toluene were absent), the yicid v 60 g (67°) of a colork guid and there was 2 ¢g of a yellow . 
viscous residue. When the product was distitied in a norma Claisen flask. it slow)! to 
; SEEN ter to the slower moving material was 2:1. The materials were separated us! | 
| 
We are indebted to Dr. D. P. Stevenson, 
ae = The sampic was dried over sodium 
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equal amounts by the use of VPC (DEGS, 104 


20 anc 


to be nortricyclyl acetate by comparison in the u 


moving fraction was identified as exo-norbornen 


An authentic sample of both the endo and tl 


tne ¢ 
acetates* by preparative VPC (4” Glycerol column) 


Reaction of quadricyclene (1V) with bromine 


4 solution of 213 mg (1:33 mmoles) of brom 
dropwise, to a solution of 111 meg (1:20 mn 


dark The bron 


2.1 |heptadiene 


min) 


Vill 


[he faster movi 


vanner with authentic material 


ins of intr: 


was obtained from 
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ng fraction was shown 
The slower 
ired spectra and VPC. 


a mixture of the two 


loride was added, 


iloride at O° in the 


‘ 
he resulting solution 


f an authentic 


addition 


a ne in 1-2 ml of carbon tetracl 
Il in 1 ml of carbon tetrac 
tely and heat was evolved. 
4 . was colorless and the infrared spectrum of the reaction mixture was identical with that i! ; 
mixture of 2,6-dibromonotricyclene and exo-5-anti-7-dibromonorbornene prepared by the i” : 
of bromine to bicyclo[2. 
We are debted to Mr. G. H. Berezin for a pie of ortricycieno 
‘ Kindly supplied by Professor J. D. Roberts and Dr. M e C. Casserio | 
L. Schmerling, J. P. I dR.W.W J. Amer. Chem. Soc. 78, 2819 (1956). 4 
Ss. W tein, J. Amer. Chem. S 83 1516 (1961) 
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Abstract 


TESTOSTERONE and its esters have been used in therapy for their anabolic effects in 
many disease processes but treatment has been limited by the inherent androgenicity 
of the molecule. In 1953 Hershberger er a/.* den onstrated that 19-nortestosterone 
hydroxyest! ‘n-3-one) retained the anabolic potency but was much less andro- 


In the past few years a n umber of modifications 
nortestosterone h en made in an effort to produce more potent inabolic 
agents possessins | androgenicity.2~* One approach to this problem involves 
possi bil ite of 19-nortestosterone may be the anabolicly 
| 


@acClive a I i msequel ; e 19-no! analo s (estranes) ol the in vivo metabo- 


Since this work was 


thesized®~** as wel 


these inve 


found 


norst 


ISOMERIC ESTRANE DERIVATIVES 
Box 5110. Chicago 80, Llinois 
( Rece 12 ipri 1961) 
is 3,17-oxygenate someric estrane derivatives ve been synthesized as possiDic 
biological data on some of the more pertinent Compounds Is presentes 
lites of testosterone® were synthesized for biological evaluator 
initiated. a number of isomeric estrane derivatives have been syn a | ae 
as isolated in me OIC § [his paper confirms the work of 
gators and attempts to « fy some of the structural discrepancies Ml in the 
literature as we is to desc ve the synthesis of othe yossible estrogen and MEicroid : 
metabolites 
One path to the synthesis of the estranes 1s Dy ¢ italvtiic hydrogenation of tne 
aromatic “A” ring of the steroid estroge! Hvdrogenation with platinum catalyst 
DrOGUCLS neir WOT on steroid total synthesis, Johns« n ind 
COWOTAKCTS rey ina ions W ruineniu gioxide aS Catalyst reaueca 
phen itn a I or hyarogenorysi a consequence, this catalyst 
was sclected for the hydrogena 1 of the aromatic “A” ring 
L.G.H E.G.S R. K. Mever, / i B Med. 83, 1 19 
B. |. N.N L. R ( Sec. 79, 11235 
4 * B. 4 B. P A. \ 1A ( 78, 354 
°C. 4 3 4 ‘ 
: R.T.R FE. Fark Ore. ¢ 23. 1404 (1958 
,.B H.J.R R. 1. D C 79, 455 1957) 
4. B H.J.R d E. D Amer. ¢ 80, 6115 (1958) 
D. K E. I R. I. De Ore. Chem. 25, 1674 (196 
*D. K LE. Fore i R. Dorfma J. Amer. Chem. S 82, 1257 (1960) 
J. Alex M. W r.J.B Chem. 231, 159 (1958 
“MD. K E. For i R. 1. Dorfman, J. B Chem. 235, 1968 (1960) 
ae 16 RE. Marker and E. Rohrmann, J. Amer. Chem. Soc. 62, 73 (1940) 
a 16 W. S. Johnson, E. R. Rogier and J. Ackerman, J. Amer. Chem. Soc. 78, 6322 (1956 
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Of the four possible steric arrangements for the A/B rings in the estrane series, 
hydrogenation of estradiol (Ia) over ruthenium afforded the 5a,10« isomer (cis-syn- 
trans)"" in excellent yield with no apparent hydrogenolysis. A similar finding was 
recently reported by Rapala and Farkas.* Thus, 5«,10«-estrane-3/,17-diol (Ila) was 
obtained in 78 per cent yield. Chromatography of the mother liquors showed that 
the 3% epimer (Illa) and 5f-estrane-3«,17/-diol (Va) were also formed in minor 
amounts. Although no 5/-estrane-3/,17/-diol ([Va) was isolated in this experiment, 
it was probably present in trace amounts (see below). Ila was also prepared by similar 
treatment of 17/-hydroxy-estr-5(10)-en-3-one. Considering that 19-nortestosterone 
is reduced by ruthenium catalysis to give products of the 58,10 series,’ it was con- 
jectured that this catalyst may promote the hydrogenation of the difficultly reducible 
5(10) double bond of estr-5(10)-ene-3,17-diol.’® All attempts to reduce this compound, 


however, were unsuccessful. 


l obtained when 


Four isomeric 17-monoacetates (IIb, HIb. b and were 
estradiol 17-monoacetate was simi -estrane- 


39,17/-diol 17-monoacetate (IVb), the ison 1 of estra- 


diol, Was isolated and charac terized Hyd YSI these monoacetates aliorded the 


corresponcing four tsomeric diols \ Lie lor es proceaure gave 


acetate (VIb) and 5/-estran-17/-ol- e acetate (XIb) 
respectively. 5a,10%-Estrane-3,17-dione (VIII) was prepared by oxidation of the 
diol Ila. 

Selective reduction of the C-3 carbonyl of VIII with non-pyrophoric W-2 Raney 


gave 5%, /-one 


nickel catalyst according to the method of Djerassi 


ngement is energetica ed as it yuld requ the “B 
S. Johnson, Experien , 315 (1951) 
4. Hartman, J. Amer hem. Soc, 77, 5151 (1955) 
“°K. Bowden, I. M. Heilbron, E. R. H. Jones and B. ¢ 
‘CC. Djerassi, A. J. Manson and M. Gorman, J. Amer 
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(1Xa). Surprisingly, none of the 3x-epimer (IXb) could be isolated by this procedure. 
This isomer was prepared from 5x. 10x-estrane-3x,17f-diol 17-monoacetate (IIIb) by 
initial formation of the 3-tetrahydropyranyl ether followed by basic hydrolysis of the 
17-acetate group. The resulting product was oxidized and the 3a-hydroxyl group 
regenerated by acid hydrolysis of the pyranyl ether to give 5x.10«-estran-3%-ol-17-one 


(IXb). Acetvlation of the 17-monoacetates IIb and IIIb gave the diacetates Vila and 


VIIb, respectively 


¥ 


19-nortestosterone (X) was employed as the starting material for the preparation 
of the 58 and 5a-estranes. Low pressure hydrogenation over palladium-on-carbon 
gave 5 }-estran-17-ol-3-one (XIa) in good yield. A small amount 5/-estrane-3,17p- 
diol (Va) was isolated by chromatography and found to be identical with Marker’s 
estranediol B, of unknown configuration, isolated from human non-pregnancy 
urine. Acetylation of this diol gave the diacetate XIVb in agreement with that of 


Marker’s while oxidation of Xla gave 5 -estrane-3.17-dione (X11) identical with the 


reported estranedione B.2 Reduction of this diketone with Raney nickel in ethanol 
gave the epimeric 5 }-estran-33-ol-17-one (XIIla) and 5f-estran-3-ol-17-one (XIIIb) 


(19-noretiocholanolone). Sodium borohydride reduction of these products furnished 
the diols 1Va and Va which proved to be identical with those obtained by the hydroly- 
sis of the corresponding |7-monoacetates 

$a-Estran-17-ol-3-one (XVa) was prepared by reduction of 19-nortestosterone 
with lithium and liquid ammonia in a manner sin ilar to that described by Bowers 
et al? 5x-Estrane-38.17-diol (XVIIla) was isolated as a minor by-product of this 
reduction. Oxidation of either of these two products or the crude reduction mixture 
gave $x-estrane-3.17-dione (XVI). Selective reduction of this diketone with Raney 
nickel furnished 5x-estran-3/-ol-17-one (XVIla) (19-norepiandrosterone) and Sa- 
estran-32-ol-17-one (XVIIb) (19-norandrosterone). The latter was isolated by Engel 


22 RR. E. Marker, E. Rohrmann, E. L. Wittle ar J. Lawson, J. Amer. Chem. Soc. 6, 1512 (1938) 
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and co-workers" from the urine of a patient after administration of 19-nortestosterone. 
An alternate synthesis of both these products was recently reported by Kupfer ef 
al.""2, Reduction of 5x-estran-17-ol-3-one (XVa) and its acetate (XVb) with Raney 


. OR H.C 


o X=R=H,. Y= 


b X=H, Y= 


nickel gave the epimeric diols XVIIIa and XIXa and their corresponding 17-mono- 
acetates XVIIIb and XIXb. Acetylation furnished the diacetates XXa and XXb of 
which the former agrees with the product of unassigned configuration prepared by 
Hartman” by catalytic hydrogenation of estr-4-ene-33,17-diol diacetate 

[he stereochemistry of the A/B ring fusion in the isomeric estranes has already 


TABLE 1.—Mp INCREMENTS FOR CHANGES AT C-3 


\ Ac (acetvlation) \ Ket (keton 


ilues for the 19 methyl! steroids are in parentheses.™* 


been established.*~” The axial or equatorial configurations at C-3 were assigned on 
the basis of: (a) order of elution from the chromatographic column” (b) molecular 
rotation differences (c) position of C-0 frequencies between 1050 and 1000 cm= in 
the infrared and (d) nuclear magnetic resonance spectra 

Table 1 shows the molecular rotation differences (M,) upon conversion of the 


*8 The less polar axial isomer is followed by the more polar equatorial isomer upon elution 
* L. F. Fieser, Steroids p. 180. Reinhold, New York (1959) 
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ization) 
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epimeric C—3 alcohols into their acetates or corresponding ketones. It will be seen 


that the values obtained for isomeric 5x and 5/ estranes are in good ageement with 
those obtained for the corresponding epimers in steroids possessing the C—19 angular 
methyl group 


The infrared spectra ne ymeric estran- 3-ol-] /-ones gave further support to 


the configurational assignme : } Asnoted by Cole and coworkers equatorial 
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NMR SHIFTS FOR PROTON ON 3-HYDROXY ESTRANES 


Proton 


r Value 


( ompound 
Conformation 


I quator ial 
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XIIIb 
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Sa. (Ila p. 180-182 (reported 79-181 ) 12°. (Found: C, 77-3; 
H, 10-7. Calc HO 77-6: H,10 Adsorptio siduc O ica ge! and elution 
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etha 1) ox 70 enated 100 Ib/in® and 55 
After ntak (2 t ) el th ethanol 
bed 00 I Sx, 10x-estrane- 
36.1 ‘ 17 cet il 2 8-120 p ct. Recrys ition from 
methanol ite I H, 10-0 
H,.O, rec ( H, 10 " lone clale 
(IVb, 0-95 np. 159-160 ( +6: H, 10 [hese were ) by the 
more polar 5a,10x-<« 7 2:2 np. 126°5-128-5 24 
(Fe ( 75-2 H, 10-0 17 OAC VI 42), 1 120-122 
[ax] 2¢ H, 99 
$a. 10a-Estran-17 é e (Vib). 5a,.10a-Estrane-3 78-diol 17-monoacetate (II1b, 2-0 g) 
was als ed e (20 standard chromiu ent se with 
stirring to the Cooled § 0 of the reage per ed | propa wa idded to 
destroy the excess re ad the supe itant solution po red slowly to ice-water The resulting 
prec pitate was removed by filtration and washed with water Recrystall tion of the crude product 
from ethanol—water aflorded analytical sample m.p 112-112-5°, | 58:5° (reported® m.p 
110-111 $5-4 lacetone]). (Found: C, 75:3: H, 9:5. Calc. for ¢ H,,O C, 75-4; H, 9-5 %) 
Sa,10x-Estran-17/-ol-3 Vla). The acetate VIb (2-0 g) was dissolved in methanol (49 ml) and 
water (I ml). Potassiun iroxide flakes (1-0 g) w idded and the so on refluxed for 1 hr. Aftet 
allowing the solution to coo vater was added slowly wit stiri 4 The resulting precipitate was 
removed by filtratio d washed with water to give 1-5 g of product Alternate recrystallizations 
from acetone-Skellysolve B and methanol-—water produced analytical sample, m.p 149-5-150-5°, 
[x] 53 (Found: C. 78-2: H. 10-2. Calc. for C,,H,,<O,: C, 78-2; H, 102%) 
Sa.10x-Estrane-3 17p-d liacetate (Vila) Sx. 17-monoacetate (IIb, 
0-5 g) was dissolved xture of p line (9 ml) i acetic anhydride (1 ml). The solution was 
heated on the stea Dat I< +} aa ywed to sta id OVE nt at OM temperature The solution 
was poured slowly into ice-water and the resulting gum extracted with ether. The ether extract was 
washed with 2 N hydrochloric acid, 5 sodiun rbonate solution, and water! After drying the 
solution over anhydrous potassium carbonate, the solve emoved by distillation I'wo recrystal- 
lizations of the crystalline residue from ethanol-wate! orded needies, m.p 103-104, [x]; 25. 
(Found: C. 73-1: H. 9°6. requires: C, 72°9; H, 9-5) 


5a. 10x-Estrane-32,17)-diol diacetate (VIIb) Acetviation of 5a 10x-estrane-3x,17x-diol 17-mono- 
acetate (IIIb) with acetic anhydride-pyria stallizations from ethanol—water, 
the diacetate, m.p 110-5-111°, [2 30°. (Found: C, 72°6; H, 9:2. requires: ¢ 


H, 9-5) 


$a, 10x-Estrane-3,1 


72-9 


J.dione (VIN). (Ila, 5-0 g) was dissolved in acetone 
’ ibove. This resulted in 


(200 mi) and oxidized W th standard chron im trioxide reagent as desc! bed 
3-9 g of product m.p 157-160" and recrystallization from methanol—water gave an analtyical sample, 
163-165", [x] 27-5° [Dioxane]). (Found: C, 78-6; 


m.p. 158-161 [x] 24° (reported 8 m.p 
9-4. Calc. for C,,.H..O,: C, 78°8; H, 
Sx. 10x-Estran-3$-ol-17-one (1Xa). To a solution o 


ethanol (200 ml) was added a slurry of aged W-2 Raney nickel catalyst (5 g) in ethanol. The mixture 


f Sx.10x-estran-3,17-dione (VIII, 2°42) in 


was refluxed with stirring for 4 hr and the catalyst removed Dy hitration The solvent was removed 
from the filtrate and the residue dissolved benzene (25 ml). Adsorption on silica gel (220 g) and 
elution with benzene-ethyl acetate (5°,) afforded starting dione (0°44 g) followed by 5a,10x-estran- 


38-ol-17-one (1-18 g). Alternate recrystallization from ethanol—water and Skellysolve C afforded an 


32 Rapala and Farkas* reported m.p. 192-194, [a] 31-1° for this compound. Our constants are in more 
t with those of Chen* who reported m.p. 135°/146 [x] 54-1 (acetone). 
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analytical sample, m.p. 152-154, 64 (Found: C, 784; H, 10-0. C,,H,,0, requires: 


C, 78:2; H, 10-2°,). Further elution with benzene-acetate (10°.) gave a trace of 5x, 10x-estrane- 


38,17/-diol (Ila) identical with an authentic sample. This product was also prepared by reduction of 
with sodium borohvdr de 
5, 10x-Estran-3x-ol-| me 17-monoacetate (IlIb, 2-0), 


dihydropyrar (3 ml), and p-toluene sulfonic acid monohydrate (0-03 g) were dissolved in benzene 


(30 ml). After allowing the solut to stand overnight at room temperature, ether (100 ml) was added 
and the resulting solutio shed successively with § sodium bicarbonate solution and water 
The organic phase Na ried over anhydrous sod sulfate and the solvent removed by distillation. 
The residue was dissolved nethanol (58 ml) and water (2 ml). sodium hydroxide flakes (1-0 g) added, 
and the solutior efluxed for 1 t Glacial acet cid (1-5 ml) was added and the solution concen- 
trated to one third its original volume. Ether (100 ml) was added and the solution washed with water, 
2 N hydrochloric acid, 10°, sodium bicarbonate lution, and water respectively. After drying over 
anhydrous sodium sulfate re lvent was removed d the oily resi dissolved in acetone (40 ml) 
Ox tion with chromiun xide reage in the usual inne Horded a gum when the solution was 
po red into ice-water The produc extracted with methvlene c iloride and ether and the solvents 
removed by distillatior Ihe residue was diss ed ethanol (30 ml) p-toluene sulfonic acid 
monohydrate (0-3 g) added, and the solution allowed to stand overnight at room temperature. The 
solution was poured slowly into ice ter and the resulting crystalline product removed by filtration 
Ihe crude product (1°6 ¢) ssOlved in benzene and the solution adsorbed on silica gel (85 g) 
Elution with benzene-ethyl acetate (10 iflorded 5x,10x-estran-3-ol-17-one, m.p. 149-5—151 

[x 64° after crystallization from acetone—Skellysolve C. (Found: C, 78-3: H. 10-1. ¢ H,.O, 
requires: C, 78:2: H, 10:2°.). Admixture with the 3 /-epimer (Xa) caused a marked depression in 


Sp-Estran-| y/-3-one (Xla) lo a soluti of 19-nortestosterone (8-0 g) in ethanol (SO ml) 


ladium-on-carbon (4 g) in 


vdrogenator 


it room tempera- 


ture and 1 ¢ lys emovec y I illo The ite was neutralized with acetic acid and concen- 
trated to one half its origin dume. This solutio is added dropwise with stirring to ice-water and 
the product removed b Adsorption « he residue from benzene onto silica gel and elution 


with benzene-ethyl acetate (20°,) gave 5/-estran-17/-ol-3-one, n p. 98-106". Several recrystalliza- 
tions from ether—Skellysolve B raised the m.p. to 108-110", [x]?° 39° (reported? m p 106—108 
[x], [Dioxane (Found: C, 78-0; H, 9-9. Calc. for C,.H..O C, 78-2; H, 102%) 
Further elution with benzene—ethyl acetate (40°,) afforded a small amount of 58-estrane-3«.178-diol 
(Va)m p 204-206 . undepressed by admixture with an analvtical s imple (see below) 
$6-Estran-17-ol-3-one e (XIb). 5//-Estran-17/-ol-3-one (Xla) was acetylated by treatment 
with pyridine and acetic hydride overnight at room temperature. The solution was poured slowly 
into ice-water and the crude product collected by filtration. Crystallization from methanol—water gave 
needles, m.p. 115-116/130-131-5°, [2 29 (Found: C, 75-5; H, 9-6. Calc. for CspH 90 


C, 75-4; H, 95°). This product was also obtained by oxidation of IVb and Vb with chromium 


trioxide reagent 


5p-Estrane-3,17-dione (X11). Oxidation of crude XIa (3-0 g) with chromium trioxide reagent in the 


usual manner and crystallization of the crude product from methanol—water gave 1-5 ¢ of product, 


m.p. 181-183 Alternate recrystallization from acetone—Skellysolve B and methanol—water gave an 
analytical sample, m.p. 182°5-185°, [x] 113° (reported? | [a]p 111-6). (Found: 
C, 78-3; H, 9-4. Calc. forC,,.H.,O.: C, 78-8: H,9-5°%). Ar additional 0-8 g of product was obtained 
by -*hromatography of the residue from the mother liquor on silica gel 


Raney nickel reduction of To 5f-estrane-3,17-dione (4-0 ¢) in ethanol 


(300 ml) was added aged W-2 Raney nickel catalyst (10 g) in the form of a slurry in ethanol. The 


e catalyst removed by filtration. The solvent was 


mixture was refluxed with stirring tor 2 ht and 


removed from the filtrate and the residue taken up in benzene (40 ml) and placed on a column of 


silica gel (400 g). Elution with benzene-ethyl acetate (10°) gave a trace of starting material (0-5 g) 
followed by 5/-estran-3/-ol-17-one (XIIla, 2-0 ¢) m p. 157-164 Several recrystallizations from 


a], +108-5°. (Found: C, 78-1: H, 10-0. 


ethanol—water gave an analytical sample m.p. 165-—166°5", | 


*’ This product agrees with the compound obtained by Chen® (m.p. 114°/132-5°, [x]}? +28-2° [acetone]) to 


which the 5x configuration was assigned. 
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: 
ethanol (50 ml). Hvdro ied ont Parr low ng 


Cis 


H,.O. 


requires 


C, 2; 


Further elution with benzene-ethy! acetate (15° 


OUNSELI 


,) gave 


$8-estran-32-ol-17-one (XIIIb, 1-1 g), m.p. 167-167°5°, 114-2° after recrystallization from 
ethanol-water. (Found: C, 78:2; H, 10-3. C,.H,.O, requires: C, 78:2; H, 10-2°,). Admuixture 
with the 3 epimer ca sedan ked depression in the meiting point 

$8-Est liol (AN To a solution of 5f-estran-3,17/-dio 17-monoacetate (I[Va, 0-2 g) 
in methanol (9 \d water (0-2 ml) was added potassium hydroxide flakes (0-1 g) The solution 
was refluxed for | and cool to room temperature. Water v added slowly with stirring 
and the res ? cipit removed by filtratio Crystallization tr acetone-Skellysolve C gave 
the diol (1Va) 12 raised D rec stall tion Irom ell ethy icetate to 131 133 
154-157 wind: C. 77-7: H. 106. C,.H..O, requires: C, 77-6; H, 109%). This 
product was aiso ea by sod m boro le of 

Sp-F al Toas of 58-estran-3x-ol-17-one (XIIIb, 0-05 g) in ethanol 
(10 ml) w idde ‘ n borohydride (0-05 g) 1 the s ) ed to stand overnight at 
room tc The ea § to ict the resulting precipitate 
removed [ ! ind snc 2N hvydroc C i Rec lization of the 
crude produc ‘ t led a ina ple p. 207-208 29-8 
(reporte 2 212 0-2 ( H, 10-9. for C,.H.,O C. 77-6 
H, ct {the m cetate Vb and as a by-product 

XIV As m of 178-diol (IVa, 0-25 g) in 
ICCC < ) ) 2 The coolec eactio 
mixture ce ‘ prec ic removed | ration 
Rec Sk ple 113-5-115 7 
(Fou §. C,.H,,O, re C, 72:9: H, 

XIVb) Acety 17-diol as described above 
afforded SKC e ec » 160-162 54 
(Found: C, 7 H,Y C,.H,,O, re ( 2 H 

n cs I ep t f e onto silica gel 

elute t cre ‘ e. I th benzene-—ethy! 
wcetate (1 ctl cetone—Sk e 4 ive 5z-estran 17 -ol 
re n.p 32 0). (Found ( 779 
H. 10-2. Calc H.©.: C, 732; Furthe enzene-acetate (25 gave 
a trace of 163-1 66 crystallizations from 
ethanol—water to 1-17 26 (Four C, 77-8: H, 10 C,.H..O, requires: C, 77°7 


es 

H,.O 
5 < 
mpie, n 


This pre 


configurat 


cit 


ver X\ XVilla with chromium tri 


17 rc. Recryst Ske B atlorded an 
p. 73-75 13 (F¢ i: C.79-0: H, 9-5. C,.H.,O, re res: C, 
ct Sa-< e-3,1 one Sa-Estran-3,17- e (4:2 was dissolved in 
eflux W-2R Nickel cat cs ed above ( hromato- 
e (XVIIb 170-171 11S” (re € p. 148 
ire ethanol H Cale. for 
H, 10-2 Further ¢ ! e sam system afforded the more 
17-one (XVila). Crysta ition | cetone-Ske e C gave an analytical 
184 106° (reported’* m.p. 177-179 108 (Found: C, 78-5 
8-2; H, 10 ) 
Of 17 ol-3 Reduction of 5z-est in-17 -ol-3-one with aged 
port on stran-3 dio odium borol vdride reduction 
Th co i (m.p. 202-204 “}, 2 however, are different from 
CC ) e solvate w two moles oO cetor m.p. 168 170 , [xlp 16 .** 
lescribed by Che n.p. 70 x)= 127-3° [acetone]) to which the 5p 
assigned 


1.9 
i 
; 
H, 10-9",) 
XVI). O | Oxide reagent 
al 
H, 9-5 
Rar ” 
ethanol (300 ) 
the re 
< 
af 
( 
tran-3 
p 1s] 
H, 10-2 Calc. 
Raney nickel 
Rapala ind Fark 
of the 3,1 ket : 
those obtainc : 
= Ti juct ag i 
ion was 
: 
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W-2 Raney Nickel catalyst as described above gave a mixture of the C—3 epimeric diols. Chroma- 
tography on silica gel and elution with benzene ethyl acetate (20 °%) gave 5x-estran-3«,178-diol (XIXa) 
m.p. 187-192", raised by recrystallization from ethyl acetate to 191-5—193°. [x], +31-5 (reported™ 
m.p. 191-193°, +23-7°). (Found: C, 77-7: H, 10-4. Calc. for sH390,: C, 77-7; H, 10-9°%). 
his product was also obtained by reduction of XVIIb with sodium borohvdr ide. Further elution with 
the same solvent system afforded the epimeric 5x-estrane-38,178-diol (XVIIla) identical with that 
described above 


5a-Estran-17$-ol-3-one acetate (XVb). A solution of 5x-estran-17/-ol 3-one (5-0 g) in pyridine 


(25 ml) and acetic anhydride (5 ml), was allowed to stand at room temperature overnight and then 


poured slowly into ice-water. The resulting precipitate was removed by filtration and washed with 
2 N hydrochloric acid, 2-5 °, sodium carbonate solution. and e tallization from Skellysolve 
3 


C afforded 5-estra -Ol-3-one acetate m.p. 103 5 An additional recrystallization from 


methanol—w gave an analytical sample, m p. 104-106 var - ’ (Found: C, 75:3: H. 9-4 
H, 9-5°<). Recrystallizat absolute methanol gave the dimethy] 
20°. (Found: C, 72-5 requir C, 72-5; H, 100%). 

anol (150 ml) and refl i for 2 hr with aged 2 ney Nickel catalyst 
yn silica gel (200 g) and elution with benzene 
ivi acetate (5 yave Sta materia 79 ( ywwed by 5x-estrane -monoacetate 
(XIXb, 0:50 g), 1 vstallizatior om acetone—Skellyso gave an analytical 
sample, m.p. 166-1 [x | ounc 74-6: H, 98 H,.O, requires: C, 74-9: 
). Further i } pl Sx-estrane-3 7-monoacetate (XVIIIb, 

g) which upor allization fiom ysol florded an analytic il sample, 

(Foun +8; H, 10-0. ¢ requir , H, 10-1%) 
Sa-Estrane-3 liacetate (XXa) tylation of 5ax-estr 3,178-diol with acetic 
ature gave t corresponding dia ite (XXa Crystallization 
5°. (Found: C, 72-9; H, 9-5 

reg 

-~diol (0-4 g) is accom- 
le (1 ml) 


143-5 


ag 
4 
: 
| 
\ 
Work the u er and crystalliza fre ethanol afforded needles, m.p. 
[ax] 24 (Found: ¢ 29; CHO, requires: (¢ 29: H, 9-5%) 
icknowledgements—1 am indebted to Dr. Frank B. Colton for many va uabdie discussions, to 
Dr. E. G. Daskalakis and his staff for their assistance in cht raphy, to Mr. W. M. Selby his 
group i rpe fori tne ca y enations, and to Dr. F. J. Saunders of o r Endocrin- 
olor, Divisions for furt the biol 
This product agree t cetate described by ¢ m.p. 102-103 - sy etone) to which the 
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THE TRITERPENES OF COMMIPHORA—II 
THE STRUCTURES OF COMMIC ACID C AND COMMIC ACID D 


THOMAS 


hemistry, The | 


22 March 1961) 


Abstract —Evider 


1¢-23-o0ic acid (1) 


e! 
23~ acid (11) 


THe isolation of triterpene m Commis a pvracanthoides Engl. (= ¢ 
part | of this se where it was also shown 


glandulosa Schinz*) has been 
that methyl commates C and y ters having two hydroxyl groups and one 
double bond 

Both methyl commate C and D form isopropylidene derivatives, and both react 
with one equivalent of period acid, Ss at the two hydroxy! groups must be present 


in a cis-oriented 7 Hydrolysis of the ‘thyl esters occurs with surprising 


suggesting an equator lal position, 


though some reservalion |! mad nin ne ia presence ola 


or y-hydroxyl grouy \wdrolvsis of methyl esters.* Neither 
acid formed a lactone, and o1 ymmMic a ervstallized. thus providing an excel- 
lent method ystallization from 


methanol. It is C with lithium 
iodide in dry luti 1 to give a good yield o mmic acid C, a repetition 
of tl ‘rimen henm ( using acetyl eth oleanolate yielding 
they report. The acids were oxidized with 

the resultin toacids not isolated but treated 

» obtai that gave a blue-green colour with 


ic chloride nad inifa ra- ) ifa ty] | diosphenols with 
| 


oxveens at C-2 and C- The diosp! enol from co! acid was not identical with 
that from acid D, and their acetates were also clearly different, so that the difference 
between the two acid carbon skeleton. The loss of carbon dioxide on 
diosphenol formation si hat the acids have hydroxyl groups at the 


positions to the 
Commie a n ay ican- 


le 
sclenium dioxide in aceuc acid, 


|?-ene. as was shown by 


product \ he ultra-violet triple absorption maxima 
associated with the oleana 1%(1&)-dienes. In a similar experiment diacetyl methyl 


D failed to react, so acid C was allocated structure 1. while acid D was 


nn, CIBA, 


Department of Organic CHEE niversity, Leeds ae 
(Received 
ii commic acid D show o be the ursane a wue, 2/3,38-dihydroxyurs-12-ene- 
ont 
Pr id s: Chen icl "Esplanade, Vernier, Geneve, Switzerland 
H.W B > B > 2} 33, ¢ ndet {to Dr. H. Hirlima 
1) ij.S.M j Chem. 80. 12% 1958) 
i E. Taschner and B. Liberek, R Chem. 30, 323 (1956 
Elsinger Schreiber and A. Eschenmoser He fcr 43, 113 (1960) 
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placed in the urs-12-ene series (structure Il) and the diosphenols were ascribed 
structures III and IV respectively. The diosphenols were reduced by the Wollff- 
Kishner method, when C,, hydrocarbons were obtained (V and VI) respectively, the 


Series C Series D 


VI 


one derived from commic acid D (II) having the properties reported for 23-norolean- 
12-ene (VI).° This hydrocarbon obtained from commic acid D was found to be 
identical with the C,, hydrocarbon produced by the Wolff-Kishner reduction of 
nor-/-boswellinone,’ so commic acid D is therefore a 2,3-dihydroxyurs-12-ene-23(or 
24)-oic acid. The corresponding hydrocarbon in the oleanene series is not known, so 
a direct comparison was not possible, but in view of the similarity between the deriva- 
tives of acid C and acid D, especially in their molecular rotational differences, the 
formulation of commic acid C as the corresponding 2,3-dihydroxyolean-12-ene- 
23(or 24)-oic acid seems justified. 

rhe occurrence of 2%,3x-dihydroxy-triterpenes has not been observed,’ and an 


7¢ r si, ymas ngstone and R. Thompson, J. Amer. Chem. Soc. 79, 5292 (1957). 


ta 27, 1859 (1944) 


I 
* | am indebted to Dr sall fora § rous sample of nor-/-boswellinone 


| 
, 
COOH COOH 
I I 
0 | 
HO HO 
Iv 


214 THOMAS 
attempt was made to confirm the nature of the glycol as 23,38 by measuring the rate 
of oxidation with lead tetraacetate in acetic acid © The results were unsatisfactory, 
both methyl commate C and D being oxidized very slowly. Since no substance 
suitable for comparison was available. it was felt that these measurements were not 
reliable. and that the 2/3.33-conformation for the hydroxyl groups—and therefore, in 
view of the resistance to lactonization by the acids, the positioning of the carboxyl at 
st plausible conformation for both acids. 
mate C. some experiments were undertaken with a view 


erentially. and though they were not 


pursued further thev will be briefly d : Methyl commate C formed a mono- 


ethvicarbonat rv easil ntal orting the assignment of the glycol with 
one ; | and jual I eroup) but atten pted oxidation of this with 
as indeed, did every 

not torm a 

pyridine yields only a dimethyl- 

hydride gave a mixture ol 


onlv commol C® could be isolated with any certainty 
FXPERIMENTAI 


itl 


: MLp e correct R ns were measured at concentrations of | in chloroform. Alumina ; 
( ( M ( was heate eflux w hanol (200 m 
( H » HO ( >: H (>? Inc fter treatment 
e ¢ heated | y 2,6-lutidine wit! 
en! cx ed by Esche 
H 2. H..O, re ( H, 10-3 Ss e diff 
exp ve. Hy f roy ene ck ve 
R ” mmate vid Diacety! methyl! commate ¢ 
ine the product with The ether was washed with sod } 
R. Ore. Chem. 19, 1351 (1954) 
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bicarbonate, and the residue after evaporation chromatographed. Benzene-light petroleum (9:1) 
eluted a substance, which, after crystallization from light petroleum had m p. 157-159°, aby 38 
(Found: C, 73-9; H, 9-3. C,,H,;.0, requires: C, 73-9; H, 9-2°%) ZE“™ 240 251, 260 mu « 14,800, 


11,600, 6,800 respectively, A,°2. 13-17 « (cis-disubstituted double bond) 
Treatment of methyl commate D in the same way yielded only unchanged starting material 
Diosphenol C (111). Commic acid C (0-25 ¢) was suspended in acetone (100 ml) and treated 


dropwise at room temp over 30 min with chromic oxide in sulphuric acid and water (0-4 ml of a 
mixture from 2-67 g CrO,, 2:3 ml. conc H SO, and 7-7 ml water) when it was poured into water 
(500 ml). The product, isolated as usual with ether. was heated under reflux for one hr with potassium 
10 ml). Dilution with water and acidificat with hydrochk cid 
} 


hydroxide in methanol (10 
th benzene 


sroduct to be isola ed with I It was chromatoer 
nol C, m.p. 2 2 3 (Found: (¢ 


KOH 290 


enabled the 


and crystallization from methanol gave diosph 


81-9; H, 10-4. C.,H,,O, requires 32 H, 10-4 


my, 
3,500, 10. 5-99. 6&-OR8 
Di trom 
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cw 
H, 9-9%), gone 0K 
Wolff-Kishmne edu of dios; ( ean-1|2-en Diosphenol ¢ SU meg), diethylene 
glycol (15 mi). ethanol (15 m ind hydrazine hvdrate (10 m vere reflux tos er for 
the temperature attained 200-220 vhere it was ma ed for 3 hy nto 
and © prog ( cad oO cTy ce 106 
(Found: C, 87 H, 12:2. 1 re C, 87-8; H, 12-2 
ca 2-ene. | er pe retiux 
alu 1 gave first be LR betwee 
0) the the np 
(Found: C, 73 H, 9-7. re H. 9-7°%) 
pyridine, and after < ray 
C, ¢ H, § i 8-4 .$_ 3-9 
Commic acid D. 1 
, 
Me LD re i 
elutio th benzenc ” fr 
hac p. 153-154 (Fou ( 107. H,.O, ¢ H. 10-3 ) 
ave 5-79 
Continued elution of the colun vith Denzene-cther (1:1 b ‘ t 
si to be nen my < d ys 
ed methyl cf Cr ne eafl f 4] 
53° (Found H, 100. C,,H,,O. requ 3 75-2 H 2-77, 5-78 
9-57. 11-66 4 
H. L. Slates and N. L. Wendler, J. Amer. ¢ n. S 78, 3749 (1959), 
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s experiment was hvdrolvsed to methyl 


sopropyliden thy! commate D obtained | 


with methan vdrochloric acid 
‘ly analogous t that described 
m met 
150 
13.800 


commat« 
Dio 
above i 
had m.p 
= 
Di D aceta le with acetic anhydride ovridine and crystallized from metha 
had 210-212 79-8: H.98. C,,H,,O0, requires: C, 798; H, : 
Ln The Wolff-—Kishner reduction was carried 0 t exactly 
is described above for yay 2 1O¢ 
B.S eld 2 lentica p. and xed 
. ». O stained by Wolff-Kishner reduction of diosphenol C, the 
| My et lire ) fCIBA I Basie, tor pply e resin 
by Mr. J. Stewart, Sc Le ers 
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WittiAM G. DausBen, Boris WEINSTEIN. Peter Lim 


and ARTHUR B. ANDERSON 
Department of Chemistry and the Forest Products Laboratory. 


Uy versity of ¢ ilifornia, Berkeley Calif 


1961) 


Albica ) crysta ec Cac 0 solated from the oleores 1 of Pinus a NCauII and Pinus 


Abstract 


Dec I l be identic Vill cadi l The sts ture Of 0-cadino s been shown to 


be A*-cadinene-3-ol rather than the A*-structure assigned by Motl, S¥kora, Herout and Sorm 


IN the course of an investigation of the composition of gum terpentines of pine trees, 


Haagen-Smit, Wang and Mirov? isolated a crystalline sesquiterpenic alcohol (m.p. 


135°) from the heavy oil fraction of Pinus albicaulis. The same alcohol was also found 


to occur in the oleoresin of Pinus armandi® and in the heartwood of Chamaecyparis 


lawsoniana* The compound was called “albicaulol” and was shown to possess the 


formula C,;H..O and to have a tertiary hydroxy! group. Through the kind coopera- 


tion of Dr. Mirov, a supply of oleoresin from P. armandi was made available to us and 


the structural studies related to albicaulol were initiated 


Albicaulol (V) upon dehydrogenation over 5 per cent palladium-on-carbon yielded 


cadalene, identified as the trinitrobenzoate and picrate, and upon reaction with 


hydrogen chloride yielded (—)-cadinene dihydrochloride. The presence of one 


olefinic linkage was established by hydrogenation of V to a saturated dihydro deriva- 


tive. As was reported by the earlier workers.2 the hydroxyl function appeared to be 


tertiary since most esterification attempts returned only starting material and only 


when forcing conditions (acetic anhydride at 140°) were used was an acetate obtained. 


The presence of one double bond, a tertiary hydroxyl function and a cadinene nucleus 


indicated that albicaulol possessed a cadinol structure. 


Of the twelve theoretically possible cadinols which can give rise to (—)-cadinene 


dihydrochloride, only three isomers have been found in nature. x-cadinol.5~7 0-cadi- 


nol,*~* and a cadinol of m p. 78 ae | pon comparison of the physical and spectral 


properties of albicaulol with those of d-cadinol, it appeared that the materials were 


identical. The finding of no depression of melting point of a mixture of the two 


0 


compounds clearly established their identity." The Czech workers have reported’:® 


the structure of d-cadinol to be I. The location of the double bond was suggested on 


the basis of infrared spectroscopy and on the basis that 0-cadinol upon ozonization 


' This work was supported in part by the National Science Foundation, Grant G-6212 
A. J. Haagen—Smit, T. H. Wang and N. T. Mirov, J. Amer. Pharm. Assoc. (S Ed.) 40, 557 (1951). 

» N. T. Mirov and P. M. lloff, Jr., J. Amer. Pharm. Assoc. (Sci. Ed.) 44, 424 (1955) 

*G. Kritchevsky and A. B. Anderson, unpublished results 
P. A. Plattner and R. Markus, Ae Chim. Acta 25, 1674 (1942) 

* G. Kritchevsky and A. B. Anderson, J. Amer. Pharm. Assoc. (Sci. Ed.) 44, 535 (1955). 

*O. Motl, V. S¥kora, V. Herout and F. Sorm, Col/. Czech. Chem. Comm 23, 1297 (1958). 

*V. Herout and V. Sykora, Tetrahedron 4, 246 (1958) 

* H. Erdtman, Z. Pelchowicz and J. G. Topliss, Acta Chim. Scand. 10, 1563 (1956). 

'® We are indebted to Professor H. Erdtman for kindly performing this comparison. 
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yielded a diketo-alcohol which was assigned structure Il since the latter material 
lacked aldehydic properties 

In the course of our preliminary work with albicaulol (now 6-cadinol) it was found 
that the nuclear magnetic resonance spectrum clearly indicated the presence of one 


vinyl proton (4-43 r)." > This conclusion that a trisubstituted double bond was present 


0 


was verified when it was found that 6-cadinol upon oxidation with potassium per- 
manganate gave a dihydroxy ketone VI in 59 per cent yield. In order to establish 
further the identity of our material with that of the Czech workers, the cadinol was 
osmylated and there was obtained a triol (VII) possessing identical properties with 
those reported for a similar triol prepared by Motl, Sykora, Herout and Sorm from 
d-cadinol.? Repetition of their ozonation experiment, however, failed to yield any 
crystalline material. and hence evaluation of this important reaction was not possible 
With the present eviden must be cluded that 4-cadinol possesses a al 
not a tetra-substituted double bond. Since the alcohol yielded ( )-cadinene dihydro- 
chloride, d-cadinol must {| ess the structure III, IV or V (disregarding the stereo- 


chemistry of the hydroxyl group).” The structure II] can be ruled out on the basis of 


| 


the spin-spin coupling pattern shown by the vinyl proton of the double bond in its 
NMR spectrum It was possible to study a closely related model of III since «-cadinol 


possesses a sin ilar st ture, the difference being due to the stereochemistry of the 


hydroxyl group.*""* The NMR spectrum of x-cadinol'* showed only a singlet (4-52 7) 
for the vinyl proton. This finding of a singlet required further consideration since a 
doublet might have been expected. By examination of a molecular model it is seen that 
the proton at the ring juncture (C;) Is approximately at a 90° angle to the vinyl proton 
and when the dihedral angle of two protons which couple is about 90°, the coupling 


constant is about zero. By consideration of the dihedral angle between the viny! 


y used for a steroid and differs from the 


trisubstituted double bond whereas Sorm 

an co-worh t ed \ J t mal range for such a structure. 

2M. D. Soffer rey and ournier } nd. 19 (1958) 

13 Kindly determined by the Stanford Research Institute 
MM. Karplus, . hen hvs. 30, 11 (1959) 
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* The numbering of the cadinene nucleus is that norma! 
nut 
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proton and the quasi-equatorial and the quasi-axial protons on the adjacent carbon, 
C, in IV and C, in V, a doublet would be expected. The NMR spectrum of 6-cadinol'* 
showed the vinyl proton as a doublet (J 6:5 c/s). Thus, in view of the different 
NMR spectra of «- and 4-cadinol, it can be concluded that III cannot represent the 
formulation of d6-cadinol. 

To differentiate between IV and V, the position of the double bond must be located. 
The usual method of locating such a bond in a cadinene molecule is to insert a methyl 
group (via epoxidation and Grignard reactions) on the tertiary end of the double bond 
and to dehydrogenate the resulting material to a methylcadalene.’:!* However, since 
the absolute configuration of (—)-cadinene dihydrochloride (VIII) recently has been 
established," it is possible to employ optical rotatory dispersion measurements to 
locate the double bond. In the formation of the dihydrochloride VIII from 6-cadinol. 
the configurations of C;, C, and Cy, are not affected, and these centers possess the 
same absolute configuration in 6-cadinol as in VIII. The transformation of the lesser 
substituted end of the trisubstituted double bond to a carbonyl group, such as in IX 
or X, would permit the position of the unsaturation to be located since the rotatory 
dispersion curve of IX should show a negative Cotton effect'® and X a positive Cotton 


effect.!? 


x 


Of the various methods available for the conversion of d-cadinol (V) to a saturated 
hydroxyketone, the method of choice is hydroboration followed by oxidation. With 


the hydroboration reaction it is possible to add the equivalent of water to a double 


bond in an anti-Markownikoff fashion.'® When 6-cadinol was allowed to react with 


diborane in diglyme followed by oxidation with hydrogen peroxide the diol XI was 
obtained in 35 per cent yield. Oxidation of XI with chromic acid yielded the hydroxy- 
ketone, X, in 45 per cent yield. The optical rotatory dispersion curve of X showed a 
positive Cotton effect,'® establishing the structure of the material as shown. It must 
be concluded that d-cadinol possesses the structure \ Although no definite proof 1S 
on hand, we agree with the previous workers’ that the hydroxyl group is most likely 
axial since it is so difficult to esterify. 

Che optical rotatory dispersion curve of the dihydroxyketone VI was found to be 
of a negative Cotton type.'* This change in sign upon making C, fully substituted is 
expected on the basis of the Octant Rule*® since a strongly contributing axial group 


falls into a negative octant. This finding of a negative curve is additional support for 
the location of the double bond since although the ketone XII derived from an 


V. Sykora, V. Herout and F. Sorm, Co//. Czech. Chem. Comm. 23. 2181 (1958) 
C. Djerassi, R. Riniker and B. Riniker, J. Amer. Chem. Soc. 78, 6362 (1956): ¢ Djerassi, Optical Rotator) 
Dispersion pp. 42, 175. McGraw-Hill, New York (1960) 

’C. Djerassi, W. Closson and A. E. I ippman, J. Amer. Chem. Soc. 78, 3163 (1956). 

‘SH. C. Brown and B. C. Subba Rao, J. Amer. Chem. Soc. 81, 6428 (1959). 

‘* We are indebted to Professor C. Djerassi for this determination. 


rhe use of this rule is summarized in ref. 16, p. 181 
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x-cadinol type structure possesses a positive Cotton curve’s* as does X, an axial sub- 
stituent on C, falls into a positive octant and no change in sign would be expected 


From this dispersion curve of VI it also was possible to assign an axial configuration to 
the C,-hydroxyl group in that the position of the first extremum of the dispersion 


~ 
| 
| | 
¥ 4 
’ 
H | 
A 
curve was shifted bat! ny cally 1) mie that ol e related ketone X. Suc 
shift has been shown to be characteristic [o! xial hydroxyl group adjacent t i 
ketone 
In view of the revised structure Io! Cadinol It 1s vested that the trivial name no 
longer be emp : ssigned t compound « e basis that it 
did DOSSCSS a tetras tuted Dic onda c resp a I id pond in 
O-Caqainenc 
EXPERIMENTAI 
FrOH 
i C, 80-8 H, 12 ( for C,,H,,O (22 C, 81-02; H 19 
( \ ) 
cK 
Ww 
\ 1] Sml of a 
hvd ether ed enc i the sol Acp 
W Dr. H G.S Mr. P Z ‘ M Sec y A cv 


: 
ae Kindly supplied by Dr. P. M. Hoff, Jr 
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temperature for 24 hr. The solvent was removed and the dark red viscous residue crystallized upon 
cooling to 0° and the product was recrystallized from methanol to vield 15 mg of colorless needles, 
m.p. 117-118", no depression upon admixture with an authentic sample of (—)-cadinene dihydro- 
chloride.** 


Dihydro-d-cadinol. A mixture of 111 mg of 6-cadinol, 1 g of W-2 Raney nickel and 10 ml of 
ethanol was hydrogenated at room temperature and 1200 Ib/in* for 12 hr. The catalyst was filtered. 
washed thoroughly with ethanol and the filtrate concentrated under reduced ure. The residue 
after chromatog! iphy on Woelm alumina 1) yielded 71 mg of 


iro alcohol, m p 


69-73. The solid \ fractionally sublimed to yield 49 mg (37 )-cadinol, m.p. 76-7 
The ultraviolet spect! showed Virtus al rption, R spectrum showed no 


vinyl! proton adsor 


(Found ( 


tate and 


». 139-0 


lo! 630 my 


W hen 


on- 


as were recrvystal- 


> 
| 
80-43; H, 12°68. Calc. for C,,H..O (224-37): C. 80:29: H. 12-58.) 
A similar isomer has been obta ned by Erdtmar along with | eher meiting n iterials,’ af 
° -C adi icetatle 4 solution of 111 mg of cadinol, 82 mg of anhydrous sodiun ace 5 9 
of redistilled acetic anhydride was heated at 145° for 3 hr. The excess acetic hydride was removed 
under reduced pressure and the residue disso! ed in ether The ethereal solution was washed with 
aqueous sodium bicarbonate, with water and dried. The ether was evaporated and the residual B 
; yeliow oil chromatographed on Woelm alum Act. I) to vield 37 mg of ydrocarbon, 48 mg of 
acetate and 4 eacted Sta ate acetate was recnre 1lOgTrapned and the center 
cuts were recryst 1 from methanol—water (19:1) p. 4546 
: (Found: C, 77-46; H, 10-81. Calc. for C,-H..O, (264-39): C. 77-22: H. 10-67.) 
Cadinane-3,9-diol-8-one (V1). To a solutio { 111 mg of 6-cadinol 25 ml of purified acetone 
cooled a ce-Dath there was added, drop sc \ rt 4 i solul I ¢ 30 mg i potassium 
permanganate 10 ml er. The solut s allowed t m toro emperature and stirred 
at that te nper re ii) he +} ef iT eac i pe te ies ri ved A th 
sod 1S ine csc ‘ tered tne ee LC rate the cetone 
bica dO te in iter ec I tne resid recrystallized 
twice from benzene, vic SY p. 143-144 
(I 1: C, 70-64: H, 10 Calc. for C,,H,,.O, (254-36): C, 70-83: H, 10-30 
optical rotatory dispers Vi 0-12) 0 15 
170 120° (man 370 change up d oO t acid 
Cadinane-3,8 VII). A solution of 444 mg of d-cad 10 f dioxane cont ° three 
crys ed from venzene—petrole ether to \ 148 r of te needles p. 147-157°, which 
was rect lized twice from the same solve p eld 361 mg (70-5 n.p. 160-5—161-5° (lit ‘ 
m.p 157 
(Found: C, 70-10: H. 10-90. Calc. for ¢ H..O. (256-37): C. 70-27: H. 11-01) 
The combine ors upon concent rave 38 rofa someric tr 
140-0 The pr s rec df n. 139-0-140-0 eld 251 41.4 
( 3.8 X1). Follo the procedure of Brown ; Subba R or 
of 0-cac 10 of diglyme sa ed ear th 420 mg of sodium borohy de arin 
: boro oride ethe e. After | e reac ire ; C th ice-water. HZ 
hydrogen evolution ceased, 50 ml of 3 N so droxide was added and 2-5 ml of 30°. hydrogen 
peroxide added dropwise. After 30 the reactio xture was poure o 200 of water and ‘ 
processed as usual. The residual oil partially cryst edonc ng. The solid was separated and the 
é filtrate was dissolved volume of ethe ‘ pon coo g more s i was deposited. Simm 
centration of the ethereal s tion vielded additional materia The combined soli 
lized from petrole ether, yield 237 mg (35°,), m.p. 126-5-127-5 
' (Found: C, 74-68; H, 11-63. Calc. for C,,H..O, (240-37): C, 74-95: H, 11-74.) 
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Cadinane-3-ol-8-one (X). To a solution of 130 mg of cadinane 3.8-diol (XI) in 15 ml of glacial 


acetic acid there was added, dropwise with stirri a tion of 40 mg of chromium trioxide in 0-2 ml 
of water and 0-3 ml of glacial acet cid ‘ nin { i. The resulting dark brown solution was 
diluted with 15 ml of was washe 


bicarbonate, wit! sidue was recrystallized tv 


from pet! er ld 5 1695 cm 


(Fou ; H 11-00.) 
The optical rotatory disy f thi is as fol [x] 10 


‘ 
ig 
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Abstract—Friedelin gives 4x-bromofriedelin on treatment with N-bromosuccinimide 2«-Bromo- 
friedel tx-bromofriede nd friedelane are preferentially oxidized to the corresponding A'*- 


On 


A stuby of the bromination products of the pentacyclic triterpenoid ketone. friedelin 


(1), proved extremely valuable not only in revealing the structural detail of the 


terminal ring A but also in establishing the absolute configuration. Corey and 


Ursprung- showed that direct monobromination of friedelin gave 2x (axial)-bromo- 


friedelin (II) and that the isomeric 4« (axial)-bromofriedelin (III) could be obtained by 


bromination of the appropriate enol benzoate. A more complex situation exists with 


regard to the preparation of the dibromoketones. A dibromofriedelin prepared in 
chloroform solution in the presence ol hydrogen bromide showed an ultraviolet 
absorption maximum at 332 mu, indicative of both bromine atoms having axial 
conformations, and has accordingly been regarded* as 2«:4x-dibromofriedelin (IV) 
\ ond dibromotriedelin, described by Diecrassi and coworkers*. and prepared by 
bromination of 2%-bromofriedelin in acetic acid, showed an ultraviolet absorption 


! ) indicative ne ne atom and has De mulated as 2«:4/- 


isomer 


pares irisson ior nation iricaeiin in chioroform 
cetic acid SHOWS an ad rption infiectio 7 No structure has been assigned 
1o this dibromoketone or an instab e tridD noxetone aiso described these workers 


On experiencing difficulties in obtaining reproducible results by direct bromination of 


N-bromo- 


rea n edeli In Ci | vitl equivalent 
of N-bhro OSUCCI ac ive i! EXCClic 4 Dror! iried (111) Since 


2x-bromofriedelin is lated on direct bromination of friedelin this fort a marked 
contrast with the behavior of the 3-ketosteroids where, in both the cholestane and 
coprostane series, the same monobr ition products are isolated by either 
procedure.” By treatment of 42-bromofriedelin (II]) with bromine in acetic acid 
solution, isomerization rather than further substitution occurred. and 2?«-bromo- 


friedelin (Il) was tsolated As anticipated from this result, the 4x%-bromoketone 


( Recei ed 28 {pril 4 
dil \ 
friedelin, we soug aiternative methods and have examined the action of HI 
succinimide on friedelin and det ' P 
Part IV: R. Stevenson, J. Ore. Chem. 26, 2142 (1961 
E. J. Amer. 78. 41 (1956) 
Lo ki. B. R ke A 80. 1216 (1958) 
ind R.S ) i ric 3, 107 
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9?°) is unstable in chloroform containing 


temperature, 
24 hr. Simi 


ri 


the presumed equilibrium 


lar equilibration of 2z-bromofriedelin gave 
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\ precedent for suc 
of silver acetate on 4x-bromotricde! 


An interest! 


ol th 
R 


a mixture 


enone (X H) 


ate) 
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The possibility ed ¢ 
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at room 


a 75°) being formed after 


hydrogen bromide 


the same result 


itive 


ined 
the 


H,.OBr, 


nethane test 


retained 
iin friedelin 


ple of which 


n elumimnation of hydrogen 
nent is pro ided by the action 
t? which was shown® to be 


(IX, R H) and alnus-5(10)- 


ent involving 2-alkyl 


an | 
conditions has been described 
C,,H,,OBr derived from II 
R Br) 


OT was 


= are 
an 
| | | 
~ ~ ~ ~ 
| / | 
Since route for obtaining a dibromofriedelin was ysuccessful, the 
method of treating 2%-bromofriedelin (11) wit! N-b osuccinimide was ex 
an ethvienic function Deing ndicated by a positive tetranitro . 
1 of the ultraviolet and nfrared spectra of this ketone showed t ble 
ynnformatio iew of marked propensity of cert 
he acid isomerization of friedel-3-ene (V1) to thet xture of olean-13:15-ene 
&x-olean-!2-ene (VIII) it was considered that this non conjugated 
e had probably arisen by a molecular rearrangement of a 2«:4-dibromo- 
*G. Br F. S. Spr R. Ste W. S. Stracl Ohe 2419 (1956) 
G. Br M. B. E. iw.s.S ¢ n. S 1377 (1956) 
M. B R.S t 2. 24 58 
*R AB G. R. Buck Amer. ¢ 73, 3858 (195 own that treatment 
of 1 A) N-bre ¢ gave illvlic bromide whict 
i, wa 4 ( B) either by er ion or heat (temperature of refluxing 
B) 


s established that the product C.,H,,O obtained by zinc 


liffered ft eit alnusenone (IX, R H and X, 


debromination in neutral solution diffe 


excluded. however 


under 


ere 


This 


nt | 


\ Spel Or 
I 


alogues XIII, X1 


) iT} 
Cad 


s (11) and (111) would be 


yfriedelins, «$-unsaturated 


ne 
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R = H) 
When 42-bromol lll) was ted wit N-bromosuccil ide 
conditions identic whicl bro one (11) i | ibjected, 
if was obtained a secon rated axial br substituted ketone, 
C.,H,-OBr whi eld debromination product, Cs 
: : Since we regard 1 Ket 1 ( cribec ter. a ng the constitu- 
ion, friedel-18 XI ketones obtained from II and III 
X! id 4 X11) respec It was established 
rther at t f XI and XII to XIII proceeded in the ; 
pected e (XIII d the 42-bromoketone (XII) on 
| 
| 
\ \ a 
ba ba 
Reduction ¢ he | XII nt drid ive in high yield 
in an (X1\ R H icela R Ac) and 
(Comparison of the specitic yn \ ) of the ul turated ketones 
produced by N-bro Ter ide oxidati nd their derivative d the friedelin 
analogue 1OWS SU ch spon ggest strongly that t former in 
fact possess a friedelat skeleton and it of rearranged skeleton. 
conclusion is further supported by a comparison of the previously reported Hii 
rolalOr Curve ll and ( olution) with their respective 
1 Ed Xl whicl rec the sign of the Cotton effect and the 
wavelength |cmmmmmmms of peaks and troughs (see experimental) 
Whereas the action of N-bromosuccinimide on the ktto 
expected a priori to yield products which are dibrom (7 : 


Vi 


ketones or rearranged non he circumstantial evidence provided 
by the rotation data ind that the ICIS 1on-conjugated friedelins 
yonyl group. In 


iccinimide on 


(XIV, R 


ipplications of allylic bromination 


Vi yak V. KANE and 7 STEVENS 
seeking chemical support for this conclusion, the action Ol N-Drom 0S 
the saturated hydro son, friedelane (XVI), \ ey ned and from the reaction 
oe mixture the unsaturated hydrocarbon (XV), 1 r espects with that prepared 
by Huang-Minlotr eductio! keton X11 va solated It remained 
; consequently t ocat +} site of the do e hond int di d bv the N-hbromo 
succinimide oxidatio 
4x-B \l B i! 
\ XIV. \ 
H \ KVI 
The unsaturated X\ 
oxide. ( H© doub one 
H (X\ Or ubstituted 
although no bands ) ocall' 
AVTICLI 
resonance specti ) wit 
~ it 300 eps attr ita finic nyl group 
on bromoketonc 11) d (tll XVI tly tricted to 
examining the dehydrobdi atio X11 el tat the inner previousl\ 
employed for orma lil —» IX xX. Un ese ¢ itions, there was 
isolated a dehydrobi nated produ ( H, ) owed no high intensity 
ultraviolet absorption abd 220 Since 1 C » conjugation of carbonyl o1 
ethylenic functions in this dienone product, the original doubl bond could not have ; 
been located in ring A or B 
Although there has been much work on synthetic (ii a 
a L. Ruzicka, H. W. H M. Pfeifl C.F.3 1 471, 21 (192 
aa \. R. H. Cole a D. W. Thornt ( § 13 ted very low C=C stret 
ee We are indebted to Dr. Leroy Johnson (Varian Associates) for | determinatior 
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and detailed mechanisms have been forwarded." comparatively little is known with 


regard to the action of N-bromosuccinimide on saturated systems. It has been 


loheptane”™ yield the cycloalkyl bromide with 


established that cyclohexane™ 16 and cyc 
N-bromosuccinimide under certain conditions and that decalin gives a tetrabromo- 
octahydronaphthalene’’ which can also be obtained from th¢ probable intermediate 
9.10-octalin. Cason and coworkers! hx also drawn attention to the fact that 
N-bromosuc imide is not a reage general utility for the zx-bromination of 
saturated esters due selective attack on tertiary hydrogen atoms at other sites in the 


ig 
TY) 
Phe \periments described in this work establish that in [riedelin, t tertiary axial 
: arogen ato it m tion 41s more! Cl towards N-bromosuccli! de than the 
Ka inat n of (XVII Or rn f 
i) at ) DE ne i3 
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chloroform (3 50 cm*), and the extract washed with water and dried (Na,SO,). Removal of the 


solvent gave d (80 which aft -veral izations trom chloroform—methanol 


chloroform—ethy]l acetate gave fried a ed n.p. 242-244 , [x] 
82. 10-05. 10-22. 10-90. 11+ 


1080 (210 n anitro- 


or 
+20 { iviolet end 
adsorption, ¢ 6/0 (220 my), 2140 (215 my), 
methane in chloroforn 
(Found: C, 87-97; H, 11-99. Calc. for C, 87:73; H, 12-27%) 
exane—ack cid at ospheric and 39 |bs/in* pressure Irom treatment with osmium 
SE: 195-1 A chioroforn on (S cn of perbenzoic acid (62 mg/cm*) was 
dded lel-1& e(9 ry INC roform (20 ¢ nd edtos for 24 hr. (Estimated 
cc lor ] is needle pn. 260 
, frared 0-04 10-64 it) ‘ 1] 
| d: C. 84-28: H 1-93. Calc. f C.,H.,O: C. 84-44: H 
+x- Bre XII N-B de (32 { of 
) SO—181 
{ { ) §-8 6-24 
( H ( H,..OB ( H { 
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, 0) << Aft eflux time 
K Br pellet) pe su Dic nple obtained by Huang-M reduction ol 
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